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Abstract

This thesis explores the potential of Algerian-sourced beetroot (Beta vulgaris), supplemented with
additives or combined with carob pods and soybeans, as a sustainable alternative to conventional
Man, Rogosa, and Sharpe (MRS) agar for cultivating Lactic Acid Bacteria (LAB). This study
investigates the performance of these formulated plant-based media in supporting the growth of
Lactobacillus plantarum, Lactobacillus fermentum, and Enterococcus durans, focusing on growth
rate, time of generation, acid production and productivity. Various formulations, including
Beetroot Juice with functional additives like Manganese sulfate (MS) and ammonium citrate (AC)
were tested, along with carob-beetroot and soybean-beetroot blends. Results showed that beetroot
juice alone was insufficient for bacterial growth, but mineral supplementation significantly
improved microbial performance. For instance, the carob-beetroot blend (CBB) yielded pmax
values of 0.251 hll! for L. plantarum and 0.275 h[1' for L. fermentum, along with an acid
production rate (Qac) of 4.051 g/g-h for L. fermentum. Additionally, the soybean-beetroot blend
(SBB) supported L. plantarum growth with a pmax of 0.248 h(]' and a generation time of 2.79 h,
while maintaining consistent acid production (Qac =0.161 g/g-h). In comparison, MRS displayed
a umax of 0.154 h{1! and higher acid production (Qac = 1.588 g/g-h). These findings suggest that
plant-based beetroot media could replace MRS in LAB cultivation, providing a sustainable, cost-
effective, and biodegradable alternative for fermentation processes in food biotechnology.

Keywords: Beetroot, Carob, Soybean, Lactic acid bacteria, fermentation, growth medium



Abstract

galall
z sl s AL a2 adl ¢ (Beta vulgaris) s sl (s o sivall (5 Sl aiadll GlilSa) da 5yl oda (a paia
e LS del )3 gl (MRS) cubds dhase 5oy cle JlaY aliine JaaS dhgeall Jsby goall G558 aa
Lactobacillus plantarum, LS sei acs 8 USSR 4l il sl elol 4l jall 038 Jslii (LAB). LSl
cpmaal) z ) 5 cad gill 2 55 ¢ gaill Jana e 58 i) aa ¢ cLactobacillus fermentum , Enterococcus durans
Gy i s (MS) Dnirdall il 58 Jie 4 g Glilia) ae joiedll juae @lld (8 Loy «laS jisae Ll & daliiyl
DNedl) paae o il @ elal L geall by aiadl) lald 5 cas pall s aiedll cidala ) AU ¢ (AC)p s saY)
Ciia (JUall Jaa e A58 Sl ool S (S8 Cuite diaeall GliLaY) (K1 Ll pal GElS pe S saa g
«L. fermentum~ 4=\l 0.275 5 L. plantarum -4 0.251 % pmax a8 (CBB) «s Al s saiedl) lada
Lid aen el Je 300 |, fermentum. J debu-al ja/al s 4,051 o0% (Qac) uassll zU) Jara ) dilayl
ae el 2,79 o538 Al g8 g5 1Aele (0.248 W a8 pmax deds L. plantarum s<i (SBB) Lisall Jsd s yaiedll
3% pmax 4ed MRS el i jadl), delu-al ja/al s (Qac = 0.161 <l (S Gaeall zl) e Llial)
(e Alal Al Tila gl of ) ) saa i), delusal a/al s (Qac = 1.588 lef s zlul 5 142l 0.154
il 5 Al Cum (g Ylad s ltiven Sy i Lae iSO Giana Ly o)) (8 MRS o dai o (S il
gl o132l La 1635 (& jpediil) Clllaad Jlasll

il o g ¢ paedill clialll maa U K6 b geall J g8 e g HAll ¢ yaills A ) calalsl)



Abstract

Résumé

Cette these explore le potentiel de la betterave d'origine algérienne (Beta vulgaris), supplémentée
avec des additifs ou combinée avec des gousses de caroube et du soja, en tant qu'alternative durable
a I'agar Man, Rogosa et Sharpe (MRS) pour la culture des bactéries lactiques (LAB). Cette étude
examine les performances de ces milieux d'origine végetale formulés dans le soutien a la
croissance de Lactobacillus plantarum, Lactobacillus fermentum et Enterococcus durans, en se
concentrant sur le taux de croissance, le temps de géneration, la production dacide et la
productivité. Différentes formulations, y compris le jus de betterave avec des additifs fonctionnels
comme le sulfate de manganese (MS) et le citrate d'ammonium (AC), ont été testées, ainsi que des
mélanges caroube-betterave et soja-betterave. Les résultats ont montré que le jus de betterave seul
était insuffisant pour la croissance bactérienne, mais que l'ajout de minéraux améliorait
considérablement les performances microbiennes. Par exemple, le mélange caroube-betterave
(CBB) a donné des valeurs de pmax de 0,251 h™ 1 pour L. plantarum et de 0,275 h™ * pour L.
fermentum, ainsi qu'un taux de production d'acide (Qac) de 4,051 g/g-h pour L. fermentum. De
plus, le mélange soja-betterave (SBB) a soutenu la croissance de L. plantarum avec un pmax de
0,248 h™ et un temps de génération de 2,79 h, tout en maintenant une production d'acide constante
(Qac = 0,161 g/g-h). En comparaison, MRS a montré un umax de 0,154 h™ 1 et une production
d'acide plus élevée (Qac = 1,588 g/g-h). Ces résultats suggerent que les milieux végétaux a base
de betterave pourraient remplacer MRS dans la culture des LAB, offrant ainsi une alternative
durable, économique et biodégradable pour les processus de fermentation en biotechnologie
alimentaire.

Mots-clés : Betterave, Caroube, Soja, Milieu de culture, Bactéries lactiques, Fermentation, .
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General Introduction

The cultural fabric of Western Algeria is interwoven with the traditional application of
medicinal plants, which form an integral part of spiritual customs, healthcare systems, and
community practices. This botanical knowledge transfers across generations through oral tradition.
Local nutritionist employ species such as Beta vulgaris and Ceratonia siliqua along as functional
food for treating diverse health conditions, with these plants carrying both healing properties and
bioactive compound importance. Even with the expansion of contemporary medical practices,
medicinal plant usage continues to thrive, especially in remote regions wherel access to standard
healthcare facilities is constrained (Mahmoud et al., 2022). The generational transfer of this
traditional knowledge maintains the relevance of these natural remedies, establishing them as
essential healthcare resources for numerous communities.

Simultaneously, employing biotechnological approaches to valorize these plants is essential for
identifying novel bioactive compounds, thus benefiting both regional and international markets (Zatout et
al., 2021). For example, Red beetroot (Beta vulgaris L.), a reddish tuberous stem vegetable widely
consumed globally, exists in several varieties with colors ranging from yellow to red, with the deep red
variety being the most cultivated and utilized (Ibraheem et al., 2016; Lee et al., 2014). Additionally, the
carob tree (Ceratonia siliqua L.), an evergreen species belonging to the Fabaceae family and
Caesalpiniaceae subfamily, is highly drought-tolerant, allowing it to thrive in harsh environments. This
resilience contributes to its productivity, and carob trees are widely cultivated across numerous countries
(Hadi et al., 2017). Soy (Glycine max), a leguminous crop native to East Asia, holds a significant place in
global agriculture due to its high protein content, adaptability, and versatile applications. Soybean
cultivation has expanded across various climate zones worldwide, with approximately 85% of the crop
being grown in the United States, Brazil, and Argentina. Soybeans are a primary source of plant-based
protein and healthy fats, and they also find numerous uses beyond food production, including adhesives,
plastics, biofuels, and compostable materials, underlining their relevance to environmentally conscious
markets (Junaidi et al., 2025; L. Liu et al., 2022; Rizzo, 2024).

The pursuit of sustainable, environmentally conscious alternatives across diverse
biotechnological sectors has generated enthusiasm for investigating plant-derived formulations for
cultivating lactic acid bacteria (LAB). LAB species, including Lactobacillus genus, and
Enterococcus genus, serve critical functions in multiple biotechnological applications, notably in
food fermentation and probiotic manufacturing. These microorganisms, celebrated for their
positive impacts on human wellness, conventionally proliferate in synthetic culture media such as
de Man, Rogosa, and Sharpe (MRS). While effective, MRS medium presents environmental and
financial limitations stemming from its dependence on synthetic components (Sawicki et al.,
2024). This situation has prompted investigation into alternative cultivation media that are
simultaneously sustainable, economically viable, and capable of rivaling the performance of
traditional synthetic options. Recent years have witnessed growing attention toward plant-derived
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media, which present multiple benefits including natural accessibility, minimized environmental
footprint, and economic efficiency (O’Connor et al., 2015; Sahin, 2017). Plants contain abundant
sugars, polyphenolic compounds, antioxidants, and dietary fiber, positioning them as promising
candidates for LAB cultivation substrates. Nevertheless, despite their favorable characteristics,
plant-based media face constraints related to their inherent composition and nutritional content.

1.1. Research Gap: Requirement for Sustainable Culture Media

Although plant-derived media have demonstrated certain potential, they have not yet
achieved the efficacy of MRS medium, particularly regarding optimal LAB growth support.
Current research indicates that while plants like beetroot can facilitate LAB multiplication, their
nutritional composition frequently proves inadequate, requiring supplementation with additional
components (Adekolurejo et al., 2023). This study confronts the significant gap in developing a
cost-effective, plant-based medium capable of adequately supporting LAB growth while
replicating the advantages of conventional synthetic media. Since the medium that targeted this
gap are scarce and we cite the one from :(Malik et al., 2019a) who conducted research on the
fermentation of beetroot juice, carrot juice, and a equal mixture of both for 72 hours by the
following LAB: Lactobacillus casei, Lactobacillus plantarum, and Lactobacillus acidophilus.
Their findings exposed that LAB were viable at concentrations greater than 6 Log CFU/ml, which
complies with the probiotic juice standards for storage, and the sensory properties were also
maintained. Moving Forth our challenge involved engineering a formulation that maintains
equilibrium among essential nutrients required for LAB development, frequently demanding
synergistic interactions between diverse plant materials. By investigating a combination of
beetroot, carob, and soybean, this research seeks to optimize the medium and address the
shortcomings of single-plant formulations.

e Beetroot (Beta vulgaris), constitutes a nutrient-dense plant serving as the foundation of
this investigation. Acknowledged for its substantial content of vitamins, minerals, and
antioxidants, beetroot is especially appreciated for its betalains, phenolic constituents, and
fiber, which confer numerous health advantages (Malik et al., 2019a; Ninfali & Angelino,
2013a).

e Carob (Ceratonia siliqua), a leguminous tree indigenous to Mediterranean regions,
contributes to this medium through its elevated polyphenol concentration, recognized for
facilitating microbial proliferation (Ait Ouahioune et al., 2022).

e Soybean (Glycine max), valued for its high protein and amino acid concentration,
additionally augments the medium's nutritional profile. Soybean's capability to supply
essential growth factors including amino acids and proteins proves critical for satisfying
the metabolic requirements of LAB (Ayu et al., 2023;Wolf et al., 1983).

This research employs a methodical approach to engineer a plant-based medium for LAB
cultivation. In this investigation, three plant-derived media underwent development and evaluation
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for their capacity to support the growth of the following LAB: L. plantarum, L. fermentum and E.
durans.

« Initial Phase: assessed the proliferation of three lactic acid bacteria strains in beetroot juice
(BJ) as the exclusive medium. Subsequently, beetroot juice received supplementation with
additional nutrients, encompassing yeast and meat extract, Tween 80 and peptone. Further
experimental trials then examined the incorporation of components including magnesium
sulfate, ammonium citrate, and dipotassium phosphate into the juice, evaluating their
influence on bacterial development relative to the fundamental BJ medium and comparing
results with the standard MRS medium.

* Second Phase: Following beetroot-based medium assessment, the formulation incorporated
two selected plants—carob and soybean. These plants aim to complement the nutritional
components in beetroot juice by refining the medium composition. Specifically, the Carob-
Beetroot Blend (CBB) and Soybean-Beetroot Blend (SBB) were formulated to achieve an
improved and more comprehensive composition appropriate for Lactic Acid Bacteria.

The primary target of this research is to contribute to the development of sustainable
microbiological practices by formulating an substitute growth media for lactic acid bacteria (LAB)
through the valorization of locally available plant resources. Specifically, the study is guided by
the following objectives:

o To investigate the nutritional potential of selected plant-based substrates,
e To formulate and evaluate a novel semi-natural growth medium
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Stages of the Development of Plant-Based Media for
LAB Cultivation

Blend Formulation

Initial Evaluation

Testing additional
Growth of LAB in beetroot components in beetroot

Juice juice

A A
Jo <
\ \

Nutrient Second Stage
Supplementation

Creation of carob-beetroot
and soybean-beetroot
blends

Incorporation of carob and

Addition of nutrients to soybean
beetroot juice

Figure 1. Illustration of the stages of research

1.2. This study is guided by several key hypotheses:

e Plant-derived nutrients, when combined appropriately, can support and enhance LAB
growth, making plant-based media a viable alternative to synthetic formulations.

e The combination of beetroot, carob, and soybean will create a synergistic effect that
improves bacterial growth performance compared to individual plant-based sources.

e The plant-based medium formulated from these ingredients will be nutritionally
comparable to MRS medium, providing equivalent support for LAB growth while being
more cost-effective and environmentally sustainable.
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1. Beetroot: Chemical Profile and Biotechnological Potential

1.1. Introduction to Beetroot’s

Red beetroot (Beta vulgaris L.) a reddish tuberous stem vegetable commonly consumed
around the world, comes in several varieties with colors ranging from yellow to red, with the deep
red variety being the most widely cultivated and used (lbraheem et al., 2016; Lee et al., 2014). The
anatomical structure of beetroot comprises the roots (hypocotyl), the sprout (which consists of
semi-rigid red to purple stems, also referred to as petioles), and the leaves (leafy limbs), which are
tender and vary in color and shape depending on the beet cultivar (Kumar, 2015; Ninfali and
Angelino, 2013b). Beetroot counts among the Amaranthaceae family which is distinguishable by
elevated quantities of betalains, polyphenols, and various phytochemical components that are
linked to antioxidant activities (Georgiev et al., 2010; Lalonde & Roitberg, 1992). Due to the
elevated amount of sugar and anti-oxidative stress control, beets are largely favoured as a reservoir
of dietary sugar and Studies rank beets among the 10 most potent vegetables concerning
antioxidant content (Fissore et al., 2013; Frank et al., 2005; Kurowska & Manthey, 2002; Vinson
etal., 1998).

Conversely, the available body of literature has showcased that beetroot possesses unique
nutritional value and contains a plethora of bioactive compounds (de Oliveira et al., 2021). Despite
this fact, few studies focus on beetroot as a carrier for the probiotic attribute. This review aims to
focus on their value as a functional food and the biotechnological beneficial attributes that they

possess.

1.2. Botanical classification
e Kingdom: Plantae
e Phylum: Streptophyta
e Class: Equisetopsida
e Subclass: Magnoliidae
e Order: Caryophyllales
e Family: Amaranthaceae
e (Genus: Beta
e Species:Beta vulgaris

e According to : (Achparaki, et al., 2012)

7


https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30000566-2
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30253697-2

Figure 2. The beetroot plant aspect

1.2.1. Geographical distribution according to (POWO, 2025)

Beetroot (Beta vulgaris) is indigenous to some areas where it has been cultivated for millennia.
Over the time it has been introduced to numerous other countries. Its widespread cultivation in
temperate regions worldwide is primarily due to human agricultural activities. For a clearer

understanding of its distribution, (figure 3).
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Figure 3. Distribution of Beta vulgaris worldwide wide Green: Native. Purple: introduced

1.3. Beetroot Cultivation Regions in Algeria

Beetroot (Beta vulgaris) is cultivated in multiple regions of Algeria, particularly in areas with

suitable climatic conditions and soil types. Notable regions include:

Adrar: situated in the southern regions of Algeria.
Ouargla: Situated in central regions of the country.
El Oued: Located in the southeastern part of Algeria.

Ghardaia: Ghardaia is included in the national plan for beet cultivation.

o > w NN oe

Biskra: Located in northeastern Algeria
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Figure 4. A map highlights the five key regions in Algeria known for beetroot cultivation: Adrar, Ouargla,
El Oued, Ghardaia, and Biskra

1.4. Chemical and Nutritional Profile in Beta Vulgaris

Beetroot has been noted to contain valuable source of bioactive chemicals including fiber, and
multiple minerals counting: potassium, sodium, iron, copper, magnesium, calcium, phosphorus
and Zinc, as for the vitamins it was recorded to hold : retinol, ascorbic acid, and B-complex. The
most heavily researched phytochemicals in beetroot are betalains, along with some phenolic
compounds. Beetroot possesses high nutritional value due to its high sugar content, mainly as
bioavailable sucrose (Lundberg et al., 2008; van Velzen et al., 2008). Based on the data reported,
A 100 mL serving of beetroot juice contains an average of 95 Kcal and 43 kcal of energy, along
with 22.6 g of carbohydrates, 0.70 g of protein, 0.16 g of total lipids, and between 2.8 g and 0.91
g of total dietary fiber, and 12 g of total sugars. As such, sugar fraction of that 100 mL beetroot
juice is around: 8.8 g sucrose, 0.86 g fructose, and 2.5 g glucose (Baido et al., 2017; Nayik, 2020;
USDA, 2012).

Beetroot is a powerhouse of nutrients, including essential vitamins like folate, which is
detrimental for cell division and the formation of red blood cells. In addition, beetroot is a good
reservoir of potassium and iron, which support heart function and oxygen transport in the blood.
The fiber content in beetroot is beneficial for gastrointestinal health, helping to regulate bowel
movements and prevent constipation. Furthermore, beetroot’s high nitrate content is associated
with improved cardiovascular health, as it helps to lower blood pressure by enhancing nitric oxide

levels in the blood vessels (Thiruvengadam et al., 2024) see Figure 5.
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Figure 5. Composition of 100 ml of beetroot

related to the works of (Baido et al., 2017; L. Chen et al., 2021b; Nayik, 2020; USDA, 2012)

Table 1. Beetroot nutritional and chemical composition in 100 g

Nutriments Raw beetroot
Water 87.58 mg
) Energy 43 keal
Macro-nutriments ]
Protein 1.61 gm
Carbohydrate 9.56 mg
Fiber 2.8mg
Total fats 0.17 mg
Minerals Calcium, Ca 16 mg
Magnesium 23 mg
Potassium K 325 mg
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Iron Fe 0.8 mg

Phosphorus P 40 mg
Sodium Na 78 mg
Zinc 0.35 mg
Copper 0.075 mg
Vitamin C 4.9 mg
Vitamin A 33IU
Folate 109ug
Vitamins Vitamin E 0.04 pg
Sugars, total 6.76 gm
Betaine 128.7 mg
caffeic acid 0.037 mg
4-hydroxybenzoic acid 0.012 mg
chlorogenic acid 0.018 mg
Phyto-nutriments
catechin 0.047 mg
epicatechin

According to (Georgiev et al., 2010; Nayik, 2020)

1.5. Bioactive substances in Beta Vulgaris

In the last decade, a burgeoning interest regarding the bio-properties of beets, particularly red
beets. Their noteworthy contributions to gut well-being, robust antioxidant efficacy, and wealth of
bioactive phenolic compounds have propelled them into the forefront of natural food subjects
under intense scrutiny. (Georgiev et al., 2010; Luisa Tesoriere et al., 2004). Beta vulgaris is
renowned for its abundant reservoir of antioxidants and bioactive compounds, encompassing
betalains, carotenoids, phenolic compounds, and various other phytochemical constituents
(Gamage et al., 2016; Sasa et al., 2012) Their availability enhances human overall health, supports
body organs functionality, promotes longevity and provides defense against various disorders and

degenerative conditions. (Azeredo, 2009).

A plethora of studies were performed to identify the components of beetroot and unravel its
composition; we cite the work of: Clifford et al., 2015; Guldiken et al., 2016; Lidder & Webb,
2013; Ninfali & Angelino, 2013b; Vuli¢ et al.,, 2012 whom works identified the following
component as present in beetroot: caffeic acid, ferulic acid, p-hydroxybenzoic acid, catechin, rutin,

, ascorbic acid, vanillic acid in addition to elements such as carotenoids and betalains, polyphenols,
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Saponins, nitrate, and flavonoids, however only small amounts of glycine, folate, minerals,

vitamins were confirmed as present in beetroots chemical and biological composition.

1.5.1. Polyphenols and phenolic derivatives

Phenolic compounds found in plants are synthesized from amino acid phenylalanine (Crozier
et al., 2006; Manach et al., 2004). As secondary metabolites in fruits and vegetables, these
compounds are primarily involved in defense mechanisms against pathogens and/or ultraviolet
radiation (Aherne & O’Brien, 2002; Y.-R. Lee et al., 2008; Wootton-Beard & Ryan, 2011). By
interacting with proteins, these polyphenols can construct soluble or insoluble complexes,
potentially affecting their absorption and biological function (Bandyopadhyay et al., 2012).
Koubaier et al. identified the following phenolic acids (gallic, vanillic, chlorogenic, ferulic, caffeic,
and syringic) in beet stems. This presence gives an explication of the potent antioxidant effect that
beetroot holds (Koubaier et al., 2014). However, Gallic acid was the most prevalent trace
polyphenol, with concentrations ranging from 11 to 30 mg/L, followed by caffeic acid, syringic

acid, and ferulic acid (Wruss et al., 2015).

1.5.2. Flavonoids

The general structure of flavonoids consists of a 15-carbon skeleton, which includes two
phenyl rings and a heterocyclic ring. These secondary metabolites are crucial in plants and display
highly versatile structures and traits (Saxena et al., 2012). The primary flavonoids in red beetroot
are rutin, thamnocitrin, kaempferol, rhamnetin, and astragalin. While the flavonoids, phenolic
amides, and ferulic acids present in the peels and possesse antioxydant potentiel (Kujala et al.,

2002; Kujala et al., 2000).

Forward, Koubaier et al. identified and confirmed the availability of the following flavonoids:
myricetin, quercetin, rutin, and kaempferol in beet stems (Koubaier et al., 2014). Ptatosz et al.
observed that among the flavonoids found in beetroot products (fresh, fermented, and juice),
epicatechin and apigenin were more bioavailable than vitexin, rutin, luteolin, quercetin,

kaempferol, and orientin (Baido et al., 2017; Platosz et al., 2020).
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1.5.3. Saponins

There is a paucity of studies addressing the quantification of saponin content in beetroot. One
of the pillar studies regarding saponins is made by (Koczurkiewicz et al., 2015; Mroczek et al.,
2012) that concluded the presence of 11 oleanolic acid—based saponins found in beets are
numerable as following (oleanolic acid, hederagenin aglycone, beta vulgarosides I, II, III, IV, V,
VI, VII, VIII, IX and X).The saponins present in red beetroot primarily consist of oleanolic acid
,These compounds are classified as triterpene glycosides, characterized by the aglycone's covalent
linkage to one or two sugar chains through glycosidic ester bonds at position C-28 or ether bonds
at position C-3. The structural diversity of these compounds is substantial, and they are
ubiquitously found throughout the plant kingdom (Mikotajczyk-Bator et al., 2016). Although
proven to be present in beetroots, we find that very few studies have taken them into interest; as a

consequence, the knowledge of their presence and properties is scarce.

1.5.4. Betalains

Betalains are nontoxic hydrophilic pigments containing nitrogen. These compounds are
constituted by betalamic acid in conjunction with a radical denoted as R1 or R2, with these
substituents potentially encompassing either hydrogen atoms or more intricate molecular radicals.
Beetroots are recognized as the primary source of betalains and are categorized among the top 10
plants exhibiting the highest antioxidant activity (Vinson et al., 1998). Beetroots have
approximately more than 80% of pigments from red beetroot consisting of betacyanins (Liu et al.,
2008; Oksuz et al., 2015; Reddy et al., 2005). They are subdivided into two groups based on their

chemical composition, structure, and absorbance, to cite:

(1)  Betacyanins: red-violet pigment results from the condensation of betalamic acid and cyclo-
3,4-dihydroxyphenylalanine (cyclo-DOPA), exhibiting maximum absorption at 538 nm.
Betacyanins are classified into four groups: betanin-type, amaranth-type, gomfrenine-type, and

type-2-decarboxylase-nine-nine-nine nine (Ravichandran et al. 2013; Esatbeyoglu et al. 2014).

(2) Betaxanthins: (yellow-orange), Arising from the condensation of betalamic acid
ammonium with amines and distinct amino acids, with the maximum absorption at 480 nm.
Betalains are stable over a broad range of pH levels, making them suitable as natural colorants

in food products such as yogurt, ice cream, candies, and jellies, available in powder or liquid forms.
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Additionally, beet products have been researched for their beneficial impact on hypertension and
athletic performance (Muggeridge et al., 2014; Siervo et al., 2013). However, in some extreme
cases, betalains can become sensitive molecules if affected by different conditions and have their

stability altered. Here are some examples:

(1) The pH: In case of pH less than 4, the absorbance of betalain is greatly diminished in
contrast to its absorbance between pH 4-7 (Achparaki et al., 2012).

(2) Temperature: when heating the betalain solution, the red color of betanin starts to
diminish, and finally it turns brown. The color loss was followed by the betanin assay
by (Achparaki et al., 2012).

(3) Light: Under conditions of 15°C and pH 7, the presence of light heightened the
degradation rate by 15.6%, while the presence of air (as opposed to nitrogen) increased

it by 14.6% (Harmer, 1980; Tzin & Galili, 2010).

1.5.5. Carotenoids

Beet samples have been recognized for their substantial yield of bioactive compounds, with a
predominant presence of carotenoids, principally B-carotene and lutein(Lechner & Stoner, 2019a;
Lidder & Webb, 2013). Carotenoids, alternatively referred to as tetraterpenoids, constitute a class
of organic pigments. Notably, red beetroot contains B-carotene and lutein among its carotenoid
constituents (Lechner & Stoner, 2019b). Nevertheless, following a thorough examination and
comparison of existing literature, it becomes evident that comprehensive research on carotenoids

extracted from beetroot has been noticeably lacking.

1.5.6. Other Phytochemicals

Beetroot juice phytochemicals reduce and prevents inflammatory illnesses through various
signaling pathways (Clifford et al., 2015). The antioxidant compounds in beetroot are believed to
function as free radical scavengers, preventing diseases by strengthening the resistance of low-
density lipoproteins, DNA, and proteins against oxidative damage (Chang et al., 2008; Kamat et
al., 2000; L. Tesoriere et al., 2003; Uttara et al., 2009).
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Figure 6:Chemical composition of Betacyanins and Betaxanthin
Source: works of (Esatbeyoglu et al., 2014; Ravichandran et al., 2013)

1.6. Health Benefits of Bioactive Components of Beta Vulgaris

Beetroot exhibits anti-inflammatory potency that help decrease inflammation, a condition
closely associated with numerous diseases, including arthritis and heart disease. Regular
consumption of beetroot also supports liver detoxification, while its high vitamin C and folate
content enhances immune system function. The cardiovascular benefits of beetroot, notably its
ability to lower blood pressure, are extensively studied, positioning it as an essential food for

preserving the heart health (Stoica et al., 2025)

The therapeutic potential of beetroot as a dietary intervention in various pathologies,
particularly those associated with oxidative stress, inflammatory response, and other diet-related
diseases is well noted. This therapeutic application is primarily attributed to betalains, which have
shown significant antioxidant, anti-inflammatory, and chemo preventive activities in both in vitro
and in vivo studies (Clifford et al., 2015; Lechner & Stoner, 2019a; Rahimi et al., 2019). Beetroot

also contains a wide range of bioactive molecules that may promote health and help prevent
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diseases such as high blood pressure, cardiovascular complications, and chronic inflammation,

further enhancing its role as a functional food for disease prevention.

Antibacterial

effect
Carotenoids, Phenols,
Favonoids, Tannin,

Beetroot
Effect

©

Figure 7. Different effects provided by beetroot consumption for the human health

Source (Clifford et al., 2015; Lechner & Stoner, 2019a; Rahimi et al., 2019

1.7. Antioxidant properties

Bioactive elements may exhibit diverse physiological goals and pathways of action. A
significant subset of these compounds demonstrates antioxidant properties through their capacity
to engage in oxidation/reduction processes with specific molecules (Liu, 2004). Protection against
oxidative damage is a known mechanism involved in cellular activity. Oxidative damage triggers
the release of reactive oxygen species (ROS or free radicals) during cell metabolism. At low levels,
ROS play a protective role in the cellular system, contributing to muscle contraction, cell
proliferation, gene expression, and apoptosis. Antioxidants are also needed when the formation of
free radicals, such as reactive nitrogen species (RNS), occurs as a by-product of cellular

metabolism and is generated inside the body, as the first line of defence (del Rio et al., 2006; Fang
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et al., 2002; Lobo et al., 2010). Halliwell & Gutteridge (2015 defined a molecule as possessing
antioxidant properties if it exhibits the capability to retard, avert, or ameliorate oxidative damage
to specific target molecules (Nayik, 2020; Pedrefio & Escribano, 2001; Vinson et al., 1998; Vuli¢
etal., 2012).

1.7.1. Antibacterial effect

Beetroot extract exhibits antioxidant properties and demonstrates antimicrobial activity
against both Gram-positive and Gram-negative bacteria. Notably, Gram-positive bacteria such as
Staphylococcus aureus and Bacillus cereus exhibit greater susceptibility to the extract than Gram-
negative strains like Escherichia coli and Pseudomonas Typhimurium (El-Beltagi et al., 2018). In
the study of Magbool et al. 2020, their results showed that the direct crude extract of beetroot peel
has antibacterial activity against Staphylococcus aureus, Escherichia coli, Salmonella typhi, and
Vibrio cholera. The highest inhibition was against E. coli, and the minimum was against

Salmonella typhi, similar to the finding of (Narender et al., 2018).

1.7.2. Antifungal and anti-mycotoxigenic effects of beetroots

Researchers have proposed different explanations for the antifungal abilities of some
plants, especially beetroots. One of them is the presence of chitinase enzymes that can catalyse the
hydrolysis of chitin, a homo-polymer of L-1,4-N-acetyl-D-glucosamine, which is a structural
component of the cell wall of true fungi (Bartnicki-Garcia, 1968). It was the suggestion from
Hirano & Nagao, 1989, and Sekiguchi et al., 1994, explaining that low molecular weight chitosan
in an agar system inhibited a range of phytopathogenic fungi more effectively than high molecular
weight chitosan inhibited the organisms, thus supporting the claim that the presence of Chitinases

confers partly that antifungal effect.

On those same bases, the investigation of the interaction between beetroot (Beta vulgaris L.)
and the pathogen Cercospora beticola (Sacc.) that causes leaf spot disease in beet was highlighted.
Previously, some Chitinases, Glucanases, and Plant defensin-like proteins have been isolated and
their biological role examined. Chitinases that are secreted extracellularly and deposited in the
apoplast inhibit the growth of the conifer pathogen (Berglund et al., 1995; Mikkelsen et al., 1992;
Neuhaus et al., 1991; NIELSEN et al., 1994; Susi et al., 1995).
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1.7.3. Anti-inflammatory effect

Inflammation is a protective response and a multifaceted physiological process triggered by
harmful stimuli and conditions (such as tissue damage), which are linked to pathogen-associated
molecular patterns and antigens. Betanin, the predominant betalain in beetroot, has been noted to
exhibit anti-inflammatory traits by inhibiting cyclooxygenase, scavenging hypochlorous acid, and
neutralizing oxidants produced by neutrophils during the inflammatory response (Allegra et al.,
2005; Reddy et al., 2005). The effects of natural food colors namely betanin, anthocyanin,
lycopene, bixin, -carotene, and chlorophyll on lipid peroxidation and cyclooxygenase enzyme
inhibition in human tumor cells were assessed in a particular study. It showcased that, betanin,
cyanidin-3-O-glucoside, lycopene, and B-carotene inhibited lipid peroxidation. However, all
pigments tested showed a dose-dependent aspect (Reddy et al., 2005). Kujawska et al. (Kujawska
etal., 2009) demonstrated through their study on the anti-inflammatory effect of beetroot and some

of its derivatives that a positive effect on stress and inflammation has been reduced.

1.7.4. Cardiovascular disease prevention

Epidemiological studies have shown that vegetables are useful protective foods against
coronary heart disease and ischemia (Joshipura et al., 2001). Since the administration of NO3
supplementation as beetroot juice enhances cardio-protective and cardio-enhancing properties by
the works of (Hendgen-Cotta et al., 2012; Larsen et al., 2007; Loscalzo, 1992). A study involving
46 healthy participants administered either 100 mL of beetroot juice or a placebo (equivalent to
400 mg and 2 mg of NO3, respectively). The results were, an increase in salivary nitrate levels in
both groups, with the beetroot juice group exhibiting a more significant rise. It was noted that the
highest baseline value was reached on day 8 for the beetroot juice group and on day 15 for the

placebo group (Hohensinn et al., 2016).

1.7.5. Beetroot Effect on Gut Microbiome

While data on the effect of Beta vulgaris on the gut microbiome and salivary microflora
is limited, its potential is linked with metabolic dysfunction should not be overlooked. In this
context, it was initially proposed that dietary NO3 supplementation could influence the salivary
microbiome, this hypothesis was then investigated and reliable evidence indicates that non-sucrose

polysaccharides, particularly pectin and pectic oligosaccharides outsourced from beet, have a

19



beneficial consequences on the gut microbiota’s composition and function. (de Oliveira et al.,
2021; Mirmiran et al., 2020). Commensal bacteria residing in the oral cavity that express the
enzyme nitrate reductase can reduce Dietary nitrate (NO®~) into nitrite (NO?") (Lundberg et al.,
2008, 2009). When bioconversion is assumed to occur in the mouth, the consumption of nitrate-
rich Beta vulgaris increases both the rate of NO bioconversion and pH levels. This process may
be vital for host defense, lowering the prevalence of metabolic dysfunction and caries in the oral

cavity, due to the acid-neutralizing effects of human saliva and its impact on the microbiome

composition (Duncan et al., 1995; Hohensinn et al., 2016; Jones-Carson et al., 1995).

Table 2. Studies on the beneficial health effects of beetroot (Beta vulgaris) based on literature data.

Bioactive Proposed mechanism
compounds References
role
Rutin Keeping the reactive oxygen )
_ (Faggian et al., 2016;
Kaempferol species (ROS) at a low level )
ah i Georgiev et al.,
. amnetn Stop the stimulus causin _
Antioxidant o P 9 2010; Kujawska et
Rhamnocitrin imbalanced redox homeostasis .
) al., 2009; Vuli¢ et
Astragalin
_ al., 2012)
Betalain
Betalains reduce the expression
Anti- Betaxanthins of pro-inflammatory markers (Farabegoli et al.,

carcinogenic Betacyanins

Causes down-regulation of the

anti-apoptotic protein

2017)

Anti-

inflammatory

Betanin

Counteracts xenobiotic-induced
oxidative stress.

Restores the activity of major
antioxidant enzymes in the liver
Reduces oxidative injury to

plasma proteins.
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Decreases DNA damage in

leukocytes.

carotenoids,

e Higher effectiveness against

Gram-positive than Gram- (El-Beltagi et al.,

phenols, 2018; Maghool et
i ; Magbool e
Antibacterial flavonoids, negative. L 2020 :l ’
ohihi - al., ; Narender
tannins, The inhibitory molecule is most . 2019
- ) etal.,
alkaloids likely hydro-soluble
Chitinase catalyzes the
hydrolysis of chitin, which is a (Berglund et al.,
i | Chitinases structural component of the cell 1095 Mikkelsen et
ntifunga '

: enzymes wall of true fungi. al., 1992; N. H.
Inhibiting the growth of the Youssef et al., 2021)
conifer pathogen.

Inorganic nitrate (NO3—) acts as a
substrate for nitric oxide (NO)
production.
Nitric oxide (NO) induces (Hendgen-Cotta et
Prevent A
High vasodilation and reduces blood al., 2012 Larsen et
cardiovascul _
Inorganic pressure. al., 2007; Loscalzo,
ar i
) Nitrate presence Supports cardiovascular 1992; Lundberg et
diseases

function. al., 2009)
Contributes to the prevention of
coronary heart disease and

ischemia.
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e Positive modulation of gut
microbiota composition and
function.

e Bioconversion of bioactive

nitrogen oxides through the

Gut of pectin and NO3--NO2/NO pathway.
microbiome pectic e Lower prevalence of metabolic (Mirmiran et al.,
modulation  oligosaccharides dysfunction, 2020) (de Oliveira et

l., 2021
e Reduced the occurrence of a )

dental caries in the oral cavity.
e Acidification-preventing

properties of human saliva.

1.8. Biotechnological usage of Beta Vulgaris
Beetroot is traditionally ingested as boiled, oven-dried, pickled, pureed, supplemental juice,
powder or jam-processed across multiple cultures. It’s highly regarded as a nutritious stem since
it confers a multitude of nutrients that our daily intake lacks due to clearances and non-equilibrated

diets.

1.8.1. Functional food involvement

Beetroot is regarded as a functional food due to its high levels of vitamins (K, C, A, B6,
thiamin, and E), minerals (calcium, iron, magnesium, potassium, selenium, and zinc), along with
phenolic compounds, carotenoids, ascorbic acids, and betalains, which support human health
(Chhikara et al., 2019). In contrast to other fruits, the main sugar in beetroot is sucrose with only

small amounts of glucose and fructose (Bavec et al., 2010).

The food industry has commercially utilized these red beet pigments to enhance the color of
a variety of products, including dairy items (yogurt, ice cream, milk, kefir, sandwiches), sauces
(tomato pastes), soups, candies (jams, jellies, desserts, cookies), breakfast cereals, processed

meats, and cattle products (smoked, cooked, fermented, or semi-dry sausages)(Azeredo, 2009; M.

22



Bandyopadhyay et al., 2007; Cai et al., 2005; PASCH et al., 1975; Singh & Hathan, 2017). Several
new formulations of beetroot have been proposed through several different processes, among

which;

(1)  Red round thin beetroot chips: a trending new functional form of beetroot
supplements, they have been proven to contain the highest energy content (Kcal),
carbohydrate, and total sugar, the highest value of Total Antioxidant Potential
(TAP), however, they scored the lowest value of Total Phenolic Content (TPC),
flavonoids and Saponins level (Vasconcellos et al., 2016).

(2)  Pseudo-plastic beetroot gels: The pseudo-plastic gel is a means of administering
NO3" for athletes, it contains the highest protein and lowest lipid content, ranking
beetroot gel not as the most commonly used but the most effective formulation
compared to other beetroot by-products. The beetroot gel was formulated with a
mixture of beetroot juice, beetroot powder, and carboxy-methylcellulose at

90:17:3 ratios (Baido et al., 2017).

1.8.2. Beetroot juice

Beetroot juice 1s packed with antioxidants that help reduce inflammation and blood pressure,
and is now recommended for athletes to enhance their performance. With its high nutritional value,
beetroot juice is considered a vegetable that promotes health. However, most studies have
concentrated on the benefits of beetroot juice rather than its raw or cooked versions. This is because
beetroot's nitrate content is converted into nitric oxide in the digestive system, which dilates blood

vessels, reduces blood pressure, and enhances blood flow.(Nayik, 2020).

Wootton-Beard and Ryan. (Wootton-Beard & Ryan, 2011) identified the increase in simulated
digestion as a function of antioxidants by the consumption of beetroot juice, and also confirmed
that the juice components are structurally altered phytochemicals that show similar functions.
Stated that an administration of 8 ml/kg body weight/day of beetroot juice lowered protein

oxidation, DNA damage, and lipid peroxidation in rats.

To the best of our knowledge. Natalia et al. (2020 For the first time, the effects of fermentation
on the phenolic acid and flavonoid content of red beets were studied, alongside the impact of

consistent, long-term consumption of this vegetable on the phenolic profiles in plasma and urine

23



of volunteers. beetroot revealed to be a notable source of phenolic acids and flavonoids. The
findings highlight that fermentation increased the content of free phenolic acids while reducing the

levels of conjugated phenolic acids (Panghal et al., 2017).

Table 3. Relevant works reporting beetroot product involvement as a supplementary food or

as a health-promoting food

Product o
. Finding References
Characteristic

Lowered blood pressure by 5.2 ml /24 h (Bondonno et al., 2015)

Contains betalains, betacyanins (betanin and )
Beetroot juice . . (Kujawska et al., 2009;
Isobetanin), and protects the individual _
Winkler et al., 2005)

against damage to DNA, protein, and lipid.

Significantly increased workload capacity (Pinna et al., 2014)

Contains the lactobacillus genus, conferring
limitation of oxidative processes.
Lacto-fermented Reduced the level of ammonia by 17% in )
_ (Klewicka et al., 2012)
Beetroot Juice the tested rats.
Observed positive modulation of the gut

microflora and its metabolic activity.

Enhancement of Cardio-respiratory
endurance.
o Nitrate is reduced to nitrite and then to nitric )
Beetroot juice ) (Dominguez et al., 2017)
oxide (NO).
Acting on muscles to confer enhanced

performance

o led to a decrease in Peripheral vascular
Beetroot juice and ] ]
resistance at the resistance vessels only. (Fuchs et al., 2016)
black tea ] ]
Postprandial forearm and leg resistance
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Beetroot salad

Excellent food in pregnancy: promotes the
growth of the fetus through the presence of (Chawla et al., 2016)

multivitamins.

Beetroot chips

(Kaimainen et al.,

Enriched in flavonoid content 2015; Ninfali & Angelino,
high in Total Phenolic (292mg/100 g) 2013a; Vasconcellos et al.,
2016)

Beetroot chips

High value in total antioxidant potential
(TAP) and a low total phenolic content
(TPC) (Baido et al., 2017)

Beetroot gel

Aimed to administer NO3— to athletes
during sports competitions.
Formulated a mixture of beetroot juice,

beetroot powder, and
(\Vasconcellos et al.,

2016)
(Silva et al., 2016)

Carboxymethylcellulose at a 90:17:3 ratio.
Significantly higher levels of NO3 —and
bioactive compounds compared to other

formulations.

Beetroot yogurt

sweetened with stevia

e Stimulated the development of
probiotic bacteria.

Growth proportion index (GPI) of L. casei in

beetroot yogurt remained stable after

fermentation.

(Ozcan et al., 2021)

Beetroot and stevia yogurt exhibited high

techno-functional and nutraceutical

properties.

Associated with higher fiber consumption

and lower energy intake
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Beetroot (Beta vulgaris) has garnered attention as a potential alternative to traditional synthetic
media for cultivating lactic acid bacteria (LAB). Its rich nutritional profile, including sugars, amino
acids, and micronutrients, makes it a promising candidate for supporting microbial growth. Studies
have demonstrated that beetroot juice can serve as a substrate for various LAB strains, promoting
their proliferation and lactic acid production. For instance, research by Kyung et al. (2005)
highlighted that Lactobacillus plantarum and Lactobacillus acidophilus could effectively ferment
beet juice, produce significant amounts of lactic acid, and reduce the pH to below 4.5 within 48

hours of fermentation.

The incorporation of beetroot pulp into fermentation processes has also been explored to
enhance the growth of LAB. A study by Silva et al. (2020) investigated the use of pre-fermented
sugar beet pulp as a growth medium for Pleurotus ostreatus mycelium, noting that pre-
fermentation with LAB improved the pulp's suitability for microbial growth. This approach
suggests that beetroot pulp, when pre-fermented, could provide a conducive environment for LAB
cultivation, potentially offering a cost-effective and sustainable alternative to commercial media

(Silva et al., 2020).

In addition to its nutritional benefits, beetroot-based media offer environmental advantages.
Utilizing beetroot and its by-products for LAB cultivation aligns with sustainable practices by

reducing reliance on synthetic media and minimizing waste
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Chapter 2 Biotechnological and health benefits of Carob (Ceratonia siliqua L)
______________________________________________________________________________________________________________________________________|]

Carrobier: Chemical Profile and Biotechnological Potential

1.1. Introduction about Ceratonia siliqua L

The carob tree (Ceratonia siliqua L.) is a species of evergreen plant belonging to the family
Fabaceae, subfamily Caesalpiniaceae. Carob trees can withstand long periods of drought,
allowing them to grow in very harsh environments and making them a highly productive species
widely grown in several countries worldwide (Hadi et al., 2017). The fruit of the carob tree is
highly prized, and its pods are a luscious dark brown and may be long, straight, or curved. These
pods are mainly made of pulp (90%), and 8% to 10% derived from seeds, which contain bark,
endosperm, and germ (Ben Ayache et al., 2021).

Although antioxidant and phenolic contents of carob pods have been widely reported in the
literature, a number of properties related to their biological activities still need further
investigation. The purpose of this chapter is to address a complete review, with special interest in
the chemical composition, bioactive compounds, therapeutic effects, and biotechnological and
food model applications of Carob (Ceratonia siliqua L). By reviewing and comparing different
resources, we shall also consider what it means as well as its purposes, past uses, and relevance to
this chapter (Cakilcioglu et al., 2011; Custodio et al., 2013; Hayes et al., 2018; Karioti et al., 2010;
Mohammad & Kowluru, 2012)

1.2. Botanical classification
e Kingdom: Plantae (Plants)
e Division: Angiosperms (Flowering plants)
e C(lass: Eudicots
e Order: Fabales
e Family: Fabaceae (Legume family)
e Subfamily: Caesalpinioideae
o Tribe: Cercidoideae

e Genus: Ceratonia
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e Species : Ceratonia siliqua (Carob tree)

Figure 8. Carob pod sample
1.2.1. Geographical distribution according to (POWO, 2025)(Batlle et al., 1997)

Ceratonia siliqua, known also as the carob tree, is native to the Mediterranean region, where it
prospers in rocky, dry soils and warm climates. Gradually, it spread to other regions with
conditions, including North Africa, the Middle East, and even Australia. (For a clearer

perspective of its spreading, refer to Figure 9).
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e

Figure 9. Distribution of Beta vulgaris Worldwide Green: Native Violet: introduced to

1.3. Carob Cultivation Regions in Algeria

Carob (Ceratonia siliqua) is a drought-resistant tree that thrives in various regions of Algeria,
especially in the Tell Atlas and coastal areas. Key regions include:

1. Tlemcen: Situated in the northwest.

2. Ain-Temouchent: Located to the west of Algiers.

3. Sidi Bel Abbés: In the northwestern part of Algeria.

4. Blida: Near Algiers, Blida is another region where carob trees are cultivated.

5. Chelef — Located to the west of Algiers.
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Figure 10. The map showcases the five regions in Algeria where carob trees are cultivated: Tlemcen, Ain-
Temouchent, Sidi Bel Abbés, Blida, and Chelef.

1.4. Chemical composition of Carrobier
Carob (Ceratonia siliqua L.), a leguminous tree native to the Mediterranean and Middle Eastern
regions, has garnered increasing scientific and commercial attention due to its rich nutritional
composition and versatile functional applications. The pulp of the carob, which makes up nearly
90% of the fruit, is rich in sucrose, contributing to its natural sweetness. The other 10% of the fruit,
which, on a structural level, is comprised of seeds made up of three parts: a seed coat, germ, and
endosperm. Due to its sticky texture and high sugar content, it is commonly used as a natural
sweetener in its native regions (Mahtout et al., 2018). Traditionally employed as a natural
sweetener and cocoa substitute, carob is particularly valued for its high carbohydrate content, low
fat levels, and absence of caffeine and theobromine. Its macronutrient profile is dominated by
carbohydrates (mean value: 75.92%), accompanied by a modest but nutritionally valuable protein
content (6.34%) and low-fat content (1.99%)(GHANEMI & BELARBI, 2021). The presence of
crude fiber (7.30%) contributes to digestive health and enhances satiety, while its caloric value,

approximately 346.95 kcal per 100 g of dry matter, supports its classification as an energy-dense
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plant-based food. In addition to macronutrients, carob pods are rich in bioactive compounds,
dietary fiber, and essential micronutrients, reinforcing their significance as a health-promoting
food supplement in both traditional diets and contemporary functional food formulations
(Bartkiene et al., 2019; Kaur et al., 2013). Moreover, the chemical characterization of carob seeds
reveals their content in various biologically active compounds. Carob seeds exhibit a high content
of y-tocopherol (20.2 ng/g dw), contributing significantly to the total tocopherol content (30 pg/g
dw). The presence of tocopherols, including a-, B-, y-, and d-tocopherol, establishes carob seeds
as a source of vitamin E vitamers, underscoring their bioactive potential (Biernacka et al., 2017;

GAITA et al., 2020; Ortega et al., 2011)

1.5. Bioactive Components of Carob
1.5.1. Carbohydrate and Fiber Composition

Carob pods are composed of approximately 70-80% carbohydrates by dry weight, predominantly
sucrose, glucose, and galactose in a 7:2:1 ratio. These sugars undergo compositional changes
during maturation, with immature pods being less sweet and traditionally incorporated in North
African dishes, while fully mature pods are widely used in natural sweeteners and confectionery.
Beyond sugars, carob is an exceptional source of dietary fiber, particularly soluble fiber extracted
from the endosperm in the form of locust bean gum. This soluble fraction exhibits excellent gelling
and binding properties, enhancing its application in both food and pharmaceutical formulations.
Approximately 47% of the total dietary fiber in carob is soluble, and its composition may vary

with origin and extraction method (Bartkiene et al., 2019; Dakia et al., 2008)

1.5.2. Protein and Amino Acid

While not a complete protein source, carob exhibits a protein content of approximately 8%,
exceeding that of many cereals. Its amino acid profile is characterized by high levels of glutamic
acid, arginine, and leucine. Essential amino acids constitute up to 45% of its total amino acid
content, with phenylalanine and tryptophan among the most abundant, both of which may
contribute to its naturally sweet flavor. However, lysine—a key amino acid in legume nutrition—
is present in relatively low quantities. Advanced amino acid profiling has detected 14 amino acids

in carob, with histidine and phenylalanine identified as first-limiting amino acids. Due to the high
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phenylalanine content, consumption in children with metabolic sensitivities should be approached

cautiously (Bengoechea et al., 2008).

1.5.3. Lipid Composition

Though carob pods are low in fat, carob seeds contain a modest lipid fraction (~2.1%),
enriched with health-promoting compounds such as sterols, tocopherols, and phospholipids. -
Sitosterol dominates the sterol profile, comprising approximately 74.2% of the total, followed by
stigmasterol. These sterols have well-documented cholesterol-lowering, antioxidant, and anti-
inflammatory properties. Tocopherols, particularly y-tocopherol and a-tocopherol, represent 20.2
pg/g and 10 pg/g, respectively, contributing significantly to carob's oxidative stability (Matthaus
& Ozcan, 2011; Musa Ozcan et al., 2007).

1.5.4. Fatty Acid Profile and Health Implications

Carob seed oil exhibits a favorable fatty acid composition, Over 78% of the total lipid
content consists of unsaturated fatty acids, with oleic acid (45.0%) and linoleic acid (32.4%)
being the major unsaturated fatty acids. The relatively low saturated fat content (21.9%) and high
omega-6 concentration suggest potential cardiovascular benefits. Notably, the oleic acid content
in carob oil exceeds levels reported in other legumes, indicating genetic or environmental

influences (Fidan et al., 2020).

1.5.5. Polysaccharides and Functional Carbohydrates

Carob seed polysaccharides are primarily composed of mannose and galactose, which
together form galactomannans—valuable hydrocolloids used in food and industrial applications.
The mannose-to-glucose ratio of 3.5 confirms a high galactomannan content, making carob seed
extracts highly desirable for textural and stabilizing roles in food systems. Quantitative sugar
analysis reveals the presence of sucrose (8.1%), glucose (2.2%), mannose (54.0%), and galactose
(15.5%), among others. These compounds enhance the functional and prebiotic potential of carob

in the human diet(Correia et al., 2018).
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1.5.6. Vitamins, Minerals, and Micronutrients

Carob pods are modest sources of vitamins such as B1, B2, B6, vitamin A, and vitamin E. While
their concentrations do not generally meet daily recommended intake levels, the presence of
essential minerals, including potassium, calcium, magnesium, and iron, adds to carob's nutritional
profile. The concentration of these micronutrients is influenced by genetic variation, growing
conditions, and post-harvest handling, leading to variability in nutritional outcomes. Additionally,
the polyphenolic content of carob enhances its functional value by contributing antioxidant

capacity and digestive benefits (Ait Ouahioune et al., 2022; Correia et al., 2018).

1.5.7. Mineral content

Table 4. Mean values of major chemical components in Carob from different geographical locations

(Correia et al., 2018)

Chemical Content (mean = SD)
Component

Moisture (%) 9.2+0.3
Protein (%) 3.8+£0.2
Crude Fat (%) 0.6 £0.1

Ash (%) 26+0.2
Crude Fiber (%) 6.2+0.3
Carbohydrates (%) 77.6 £1.2
Caloric Value 319+ 4
(Kcal/100g)

The mineral content of carob seeds was evaluated for two macronutrients (Ca and Mg) and
four micronutrients (Fe, Cu, Mn, B, and Zn). The findings suggest that carob seeds can be
considered a source of calcium and magnesium. The amounts of other minerals were significantly
lower, with manganese and zinc concentrations being quite low, and iron (Fe) and copper (Cu)
present in moderate amounts., Fidan et al., (2020) findings align with those reported from

Bouzdoudi et al., (2017) all are expressed in Table 4.
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1.6. Health Benefits of Bioactive Substances in Carob
1.6.1. Exploration of the Medicinal Properties of Carob

Ceratonia siliqua exhibits health-enhancing potential and has been employed in traditional
medicine for the treatment of digestive diseases, and its dietary fiber has been associated with
enhanced GI function and health (Azimova & Glushenkova, 2012). Carob’s antioxidant and anti-
inflammatory effects have been highlighted by recent research, which are mainly due to its
polyphenols, tocopherols, and other bioactive substances. These products have proved to be
powerful protectors against oxidative stress associated with the development of chronic diseases,
such as cardiovascular diseases, metabolic syndromes, and cancer. Growing scientific evidence
can be used to support the incorporation of carob in modern therapeutics, fuelling usages as a

functional food and traditional cure (Babiker et al., 2020)

1.6.2. Traditional Uses in Folk Medicine

Historically, carob has been used in traditional medicine as a remedy against diarrhea and
for its antiseptic and anti-inflammatory activities, also used medicinally as a remedy to help
support respiratory function and heart health. It was also popular for use as a natural way to calm
coughs, mainly in the Mediterranean area. The cultural and historical importance of carob within
herbal medicine is a good argument for further investigation of its bioactive effects and possible

modern development.

1.6.3. Connection to Various Health Conditions

The potential therapeutic applications of carob extend beyond traditional uses, with modern

research establishing its connection to a range of health conditions.
Key Health Conditions Linked to Carob Consumption:

e Diabetes Management: Carob fiber and polyphenols slow glucose absorption, potentially

lowering postprandial blood sugar levels.

e Weight Management & Obesity Prevention: High fiber content contributes to satiety and

digestive regulation, promoting healthy weight maintenance.
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e (Cardiovascular Protection: Plant sterols and polyphenols support heart health by lowering

LDL cholesterol and improving blood circulation.

e Neuroprotective Effects: Antioxidants in carob may reduce oxidative stress in brain cells,

potentially aiding in neurodegenerative disease prevention.

Research by Fidan et al. (2020) identified the presence of four tocopherol vitamers (a-, -, y-, and
d-tocopherol) in commercial carob seeds from Turkey, further validating its nutritional and

therapeutic significance.

1.6.4. Antioxidant Properties

Antioxidant activity plays a fundamental role in the body’s defense mechanisms against
oxidative stress, which results from an excess of reactive oxygen species (ROS). These oxidant
agents, originating from environmental pollutants, UV radiation, and metabolic processes,
contribute to cellular damage and the progression of chronic diseases. Given the link between diet
and antioxidant intake, the search for natural, plant-derived antioxidants has gained significant
attention in recent years (Correia et al., 2018). Carob has been identified as a rich source of
polyphenols, a class of bioactive compounds known for their potent antioxidant activity. Although
the full extent of carob’s antioxidant potential has not yet been completely established, studies
indicate that polyphenols in carob play a crucial role in reducing oxidative damage in the body.
These compounds function by neutralizing free radicals, thereby preventing lipid peroxidation and
DNA damage—two key processes implicated in disease onset and aging. A particularly noteworthy
study examined the effect of carob polyphenols on oxidized low-density lipoproteins (LDL), a key
factor in atherosclerosis development. The results demonstrated that carob-derived polyphenols
significantly inhibited the formation of conjugated dienes early and reduced the uptake of

carbazole, a compound involved in oxidative stress pathways (Tesoriere et al., 2003).

1.6.5. Protecting Against Chronic Diseases

A high intake of dietary antioxidants, such as those found in carob, may play a crucial role in
preventing chronic diseases. Substantial scientific evidence suggests that diets rich in fruits and
vegetables are associated with a lower risk of chronic conditions, including cardiovascular disease

(CVD), diabetes, and neurodegenerative disorders. Carob has been identified as a particularly rich
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source of antioxidant compounds, with studies reporting notable polyphenol concentrations in
various carob-based products (Aziz & Hicham, 2014): Carob syrup: 957 mg/100 g, Carob powder:
326 mg/100 g, Carob seeds: 272 mg/100 g.

Carob products has been assessed using the diphenylpicrylhydrazyl (DPPH) radical scavenging
method, showing that carob syrups and pod flours exhibit greater antioxidant capacity than many
commercially available natural sweeteners. This suggests that carob-based products may serve as
nutritional enhancers in food formulations, offering superior health benefits compared to
conventional sweeteners (Pazir & Alper, 2018). One of the most significant antioxidant compounds
in carob is proanthocyanidins, a type of condensed tannin with wide-ranging health-protective
effects. These compounds have been shown to inhibit key enzymes involved in degenerative and

inflammatory conditions. For instance:

e Inhibition of prolyl and hydroxyprolyl endopeptidase may slow collagen degradation,

potentially benefiting individuals with degenerative joint diseases.

e Regulation of vascular permeability could reduce vascular fragility, which is implicated in

certain inflammatory conditions.

Furthermore, carob proanthocyanidins have been suggested as potential agents in asthma

prevention, as reported in Volume 33 of Pharmacognosy Communications.

1.6.6. Enhancing Immune Function

The immunostimulatory properties of carob remain a relatively underexplored area, but
emerging evidence suggests that its bioactive compounds may have a positive impact on immune
health. While the antioxidant and anti-inflammatory effects of carob indirectly enhance immune
function by reducing disease burden and oxidative stress, some studies have directly linked carob

consumption to improved immune response.
Early animal studies have provided promising insights:

e Rats fed a diet rich in carob flour exhibited higher T-cell counts and an improved mitogen

response, suggesting enhanced adaptive immunity.
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e Another study found that rats consuming locust bean gum (a dietary fiber derived from
carob) displayed stronger antibody responses to a hepatitis vaccine, indicating an improved

immune defense mechanism.

1.7. Biotechnological usage of Carob
1.7.1. Applications in the Food Industry

Applications The fermented Carrobier product has been applied in the food industry,
especially in the development of functional foods with added nutritional values. Fermented
Carrobier, because of its probiotic characteristics, is also used more and more in the fermentative
part of the production of probiotic beverages (like kefir-type drinks) and fermented foods as snacks
(Tsatsaragkou et al., 2014). Not just good for essential nutrition, BAs may also benefit gut health
with live LAB-based cultures. The increasing request of consumers for plant-based and functional
foods caused Carrobier to be exploited in the development of plant-based products, such as dairy
alternatives, energy bars, or health supplements (Ait Ouahioune et al., 2022). These products are
appreciated due to their high nutritional value (rich in bioactive compounds, health-promoting),
thus fermented Carrobier might be a prospective ingredient for the plant-based food industry.
Functional nutraceuticals Fermented Carrobier is also rich in the key ingredients for a diet under
consideration as a functional food, such as polyphenols and dietary fiber, in addition to being a

probiotic (Liu et al., 2021).

1.7.2. Cosmetic and Pharmaceutical Applications

The beauty industry also already started to analyze fermented Carrobier, mainly for its
antioxidant and anti-aging activities. Due to LAB fermentation of the carobier, the final carob-
paste can be used as an active ingredient for rich-antioxidant creams, lotions, and serums. These
health-promoting compounds prevent oxidant damage and environmental stresses to skin and
therefore help retard early aging (Génzle et al., 2016). In addition, the anti-inflammatory properties
of LAB-fermented carobier could be important in the beer as a strategy to treat skin diseases like
eczema and psoriasis, where inflammation is a cornerstone of the disease (Fukai et al., 2020). The
fermentability of carobier can be used not only in cosmetics but also in medicine. Further, its

bioactive metabolites following carobier fermentation, namely flavonoids and phenolic acids--
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have also been studied as potential natural products in the development of new drugs by showing

anti-inflammatory, antioxidant, and antidiabetic properties (Patel et al., 2017).

1.7.3. Carob's Role in Sustainability in Biotechnology

Carobier is a game-changing company in advancing sustainability in the biotech space,
primarily due to its low environmental footprint and local agricultural opportunities. Being a
drought-resistant plant that grows in arid areas makes carobier need little water and fertilizer
sources, and it becomes an environmentally friendly crop while producing a functional food
product and bioactives (Génzle, 2019). From the biotechnological point of view, carobier is also
in line with those principles envisaged by green chemistry and sustainable resource exploitation.
Its application in the food and pharma industries reduces the dependency on synthetic chemicals,

contributes to using natural, renewable resources (Banwo et al., 2020).

One of the key advantages of carob-based innovations is their suitability for individuals with
dietary restrictions, such as those with nut allergies or celiac disease. By developing new carob-
based food products, industries can provide safe and nutritious alternatives while simultaneously
supporting carob producers and enhancing market demand (Goulas et al., 2016). In regions such
as Egypt, carob pods are commonly incorporated into cakes, cookies, beverages, and snacks. In
countries like Turkey, Malta, Portugal, Spain, and Sicily, carob is used to produce jams and liquors,
while in Libya, a traditional carob-based syrup known as "rub" is used to prepare asida, a
traditional dessert (Lopez-Sanchez et al., 2018; Ozcan et al., 2009). Carob pods are increasingly
recognized as a nutrient-rich component for human diets and are commonly used as livestock feed.
In the culinary sector, carob is widely used in the production of sweets, biscuits, glazes, and

chocolate substitutes (Pazir & Alper, 2018).

1.7.4. Culinary Usages of Carob

Carob powder and carob chips have long found their way into a baker's kitchen as a
chocolate substitute. Because it is naturally sweeter, for recipes that call for carob chips. Moreover,
carob bakes more quickly than cocoa; hence, one has to decrease the baking temperature by 25°F
(ca. 10°C) if one does not want the product to be burned (Youssef et al., 2013). Cookies and cakes

are enhanced by Carob as it provides a mild, caramelly flavor. (Loullis & Pinakoulaki, 2018).
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Carob makes a great cocoa substitute in puddings and custards using pre-mixed or
homemade recipes. In which the carob pudding is prepared by mixing sugar, cornstarch, milk, and
carob powder in a mix that is cooked until thick(Pazir & Alper, 2018). Carob pods taste sweet and
can be a substitute for cacao powder in most recipes, making a safer choice for people who need
to avoid those substances as part of their diet, such as children, the elderly, or those with anxiety

disorder (GHANEMI & Meriem BELARBI, 2021)

Carob drink is a seasonal beverage in North Africa and the Mediterranean, where it is
consumed during Ramadan due to its hydrating and energizing effects. Of course, it’s caffeine-free

and also full of antioxidants along with crucial minerals.

Quercetin

Gallic Acid

B-Sitosterol - y-Tocopherol

Figure 11. The main bioactive component in Carob.

Source:(Hadi et al., 2017)

Table 5. Applications of Carob in different biotechnological processes

Biotechnological Carob
Specifics References

Process Application
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1. Soybean: Chemical Profile and Biotechnological Potential

1.1. Introduction to Glycine max

Soy (Glycine max) is a leguminous crop originating from East Asia and occupies an
important position in world agriculture due to its high protein, adaptability, and a wide range of
uses. The cultivation of soybeans has since expanded to multiple climate zones worldwide, with
around 85% of the crop grown in the United States, Brazil, and Argentina, and it is considered a
major source of plant-based protein and healthy fats. Soybeans also possess tremendous versatility
as food and non-food products. Soy offers other uses outside of the food industry- in fact, it’s used
to produce adhesives, plastics, biofuels, and compostable materials, as well as demonstrating their
importance to any environmentally conscious market (Junaidi et al., 2025; L. Liu et al., 2022;
Rizzo, 2024). Despite their decades-old cultivation and use, attempts toward researching and
developing the potential applications of the soybean itself in terms of functional food,
biotechnology, sustainable agriculture, etc., are still going on to some extent. The increasing
integration of soybeans into plant-based diets, meat substitutes, eco-friendly products, and various
passive uses speaks to their ever-growing importance within the food and industrial landscapes at
a global scale.(Rizzo, 2024). .

1.2. Botanical classification
e Kingdom: Plantae (Plants)
e Division: Streptophyta
o Class: Equisetopsida
e Order : Fabales
e Family: Fabaceae (Legume family)
e Genus: Glycine

e Species: Glycine max
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1.3. Geographical distribution according to (POWO, 2025; The Plant List.,
2023)

Figure 12. Aspect of a Soybean Sample

Glycine max, referred to as Soybean, is native to the Asian regions. Gradually, it was spread to
other regions with conditions, including North Africa, the Middle East. (For a clearer perspective

of its spreading, refer to Figure 11.)
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Figure 13. Distribution of Beta vulgaris Worldwide: Greem: Native / Violet: introduced to

1.4. Soybean Cultivation Regions in Algeria

Soybean (Glycine max) cultivation in Algeria has been expanding, particularly in areas suitable

for its growth. Prominent regions include:

1. Bordj Bou Arréridj: Situated in the north-central part of Algeria.

2. Setif: Located in the northeastern part of the country.

3. M'sila: In central Algeria, M'sila is involved in various agricultural projects.
4. Laghouat: Situated in the southern part of Algeria.

5. El Bayadh — Located in the western part of Algeria

= Seville

Gibraltar

Figure 14. Distribution map illustrating the five regions in Algeria recognized for soybean cultivation:

Bordj Bou Arréridj, Setif, M'sila, Laghouat, and El Bayadh

46



Chapter 3 Biotechnological and Health benefits of Soybean (Glycine Max),

1.5. Chemical composition of Soybean

Soybean seeds contain approximately 20% oil, 40% protein, 35% carbohydrate, 5% ash,
and 1% moisture (Rojas-Beltran & Narro-Sanchez,2003). In some cases, protein content may reach
45%, especially in seeds produced at higher latitudes during cooler seasons; oil content can range
from 15% to 25%. Percentages of carbohydrates can also be in the range of about 25% to about
40%. Proteins and non-protein nitrogen compounds of soyfoods in the development of beany
flavor. Soybean threonine, cystine, isoleucine, and tyrosine values are much greater than those of
egg, milk, or meat proteins (Ayu et al., 2023). The Oils are the glycerol esters of fatty acids. The
triglyceride fraction of the seed is the major energy source for germination and growth of
cotyledonary seedlings (Talarico & Dobrogosz, 1989). An analysis of 200 samples from three
growing regions and 20 US soybean varieties showed average linolenic, linoleic, oleic, and
palmitic acid of 2.21-6.56%, 44.8-52.7%, 19.8-29.4% and 10.1-11.9%, respectively (Sanchez et
al.,2006). Excessive amounts of linolenic acid are not desired, since it makes the oil become rancid

(oxidize) over time in the storage of the germ and crude oil extracted.

1.5.1. Key Compounds Highlighted

Phospholipids are the most abundant in linolenic acid and have slightly more linoleic and
slightly less oleic acid than total soybean oils. Phosphatidylcholine - The Major Phospholipid of
Soy About a fifth (20%) of soybean phospholipids is made up of soy lecithin's major
phospholipid(Ayu et al., 2023). Lecithin exhibits both oil-in-water (hydrophilic) and water-in-oil
(lipophilic) properties in emulsion formulation and has been used in the food industry. It is also
surface active, which helps in emulsification and inhibits proteins from sticking to the metal
surface. Lipid-lowering effects have been described for phosphatidylcholine as a dietary
supplement. This could be from inhibiting micelle formation in bile salts (Rizzo, 2024).

Phosphatidylethanolamine (PE) constitutes around 15% of phospholipids, has been
implicated in membrane fusion, and can produce pores in membranes. Soy is the only vegetable
protein that contains sufficient quantities of the sulfur-containing amino acids methionine and
cysteine. Given that cysteine is subject to oxidation, it may be formed into a disulfide bond between
different cysteines (the ratio of the two can vary widely among proteins) (Elhalis et al., 2024).
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1.6. Bioactive Components of Soybean

Soybeans (Glycine max) are a rich protein source and contain other bioactive compounds.
Among these, isoflavones such as genistein, daidzein, and glycitein are the most studied. As
phytoestrogens, these isoflavones mimic estrogen’s effects in the body, particularly supporting
hormonal balance in postmenopausal women (Wei et al., 2020). Soybeans are also rich in saponins
and phytosterols, especially beta-sitosterol, which help reduce cholesterol and support heart health
(Pawtowska et al., 2018). Additional bioactive compounds include peptides from protein
hydrolysis, which have antihypertensive and antioxidant effects. The majority of studies on
isoflavones and lignans have been in relation to hormone-dependent cancers and coronary heart
disease (Kim et al., 2004). Approximately 30-50mg of isoflavones are contained in soy products
per 100g, with the majority coming from glycosides daidzin, genistin, and glycitin. These
isoflavones can have differing physiological effects. For example, genistein can increase serum
cholesterol, whereas daidzein can help reduce it. Isoflavones are also known to decrease LDL

oxidation, which is one of the initial steps in atherogenesis (Chiou & Cheng, 2001).

1.6.1. Other relevant substances

Saponins and lignans are two major classes of substances contained in soybeans and are
situated largely in the soybean skins. Saponins have been shown to be able to lower the elevated
blood lipids and the risk of cardiovascular diseases through their effects on lipid metabolism.
While lignans have natural antioxidant properties and can reduce cardiovascular diseases along
with some anti-cancer effects, though results are inconsistent (Mikotajczyk-Bator et al., 2016).

Phytosterols are a minor constituent in soybeans, but their consumption has been shown to
have hypocholesterolemic effects throughout various studies. Soy products with enhanced levels

of phytosterols can be an important future health food.
1.7. Health Benefits Associated with Soybeans
1.7.1. Cardiovascular Health

High consumption of soy food has been found to correspond with a low risk of CHD and
other CVD. CHD and stroke are the leading killers in most countries, caused by the formation of
plague in arteries that eventually get blocked or burst. All this plague develops because of high

levels of LDL cholesterol and oxidation of the same cholesterol. A meta-analysis of 38 clinical
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studies recently found that consuming soy protein with isoflavones decreased LDL cholesterol by
12.6 milligrams per deciliter compared to milk or other proteins. Another study found that
consuming two veggie burgers a day with 259 of soy protein significantly decreased LDL
cholesterol by 9% after just three months. This immense lowering of LDL cholesterol has been
proposed as the leading way that soy consumption prevents heart disease; for each 1% a person’s
LDL level declines, his/her risk of heart attack correspondingly drops by 2%. Prevention of Heart
Diseases isoflavones, saponins, and tocopherols have been consistently associated with various
health benefits, and a direct link for their effect on cardiovascular health is yet to be well

understood.

1.7.2. Lowering Cholesterol Levels

Soy protein has the potential to be supported as a natural approach to reducing cholesterol.
The US Food and Drug Administration announced on October 26, 1999, that there is "strong"
evidence for allowing health claims on labels of soy protein foods being able to reduce the risk of
CHD(FDA, 2019). When individual study results were pooled together, 38 controlled clinical
studies showed an average reduction of 9.3% total blood cholesterol and a decrease of LDL
cholesterol of 12.9 mg/dI(Eslami & Shidfar, 2019).

1.7.3. Reducing Blood Pressure

High blood pressure (hypertension) is a long term medical condition in which the blood
pressure is so high that it puts excessive strain on the arteries. In this meta-analysis of 23
randomized trials, soy protein reduced SBP by 2.21 mmHg and DBP by 1.44 mmHg compared to
a casein diet. A drop in blood pressure was significant for all the subgrouping factors of various
types of patients(SU et al., 2018). The greater differences of these results occurred when using
high blood pressure subjects, with average reductions for systolic and diastolic of 7.58 and 5.48

mm Hg respectively.
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Genistein

beta-sitosterol Stachyose

Figure 15. Molecular structures of key bioactive compounds in soybean.

1.8. Biotechnological usage of Soybean

Soybean (Glycine max) plays a significant role in biotechnology, being utilized both for
the production of various biomolecules and for agricultural and nutritional improvements. On one
hand, due to its abundant biomass and high protein content, the plant has been used as a "plant
bioreactor" for the expression of recombinant proteins for pharmaceutical and industrial purposes
(Vianna et al., 2011).

On the other hand, soybean is a model for genetic engineering and marker-assisted
selection to improve traits such as resistance to pathogens, adaptability to abiotic stresses, and the
lipid composition of soybean oil (Zhu et al., 2023). Specifically, in the context of healthier food
sectors, biotechnologically improved soybean cultivars have been developed using genetic
engineering approaches to obtain oils with higher oleic acid content and reduced saturated fatty

acids, thus improving the oxidative stability and nutritional profile of the final product (Kang et
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al., 2023). These innovations position soybean as a multifunctional platform that aligns with
sustainability and the valorization of plant resources (Wei et al., 2020).

1.8.1. Applications in the Food and Agricultural Industries

In the food sector, LAB-fermented soy products are popular due to their rich protein
content, probiotic effects on digestion, and use as useful ingredients in vegetarian meals.
Fermented soy proteins, in particular, are becoming increasingly popular meat replacers with
significant potential for sustainable and nutritious plant-based diets. The integration of LAB
fermentation into soy-based food systems results not only in a nutritionally valuable product,
however in improved flavour, texture, and digestibility, providing a more desirable targeted for
traditional and modern food markets (Elhalis et al., 2024). The improvement of protein
bioavailability is one of the main advantages of LAB fermentation of soybeans. Proteins from
soybean, despite possessing high levels of essential amino acids, are frequently regarded as
indigestible because they contain anti-nutritional factors such as protease inhibitors(Huang et al.,
2023). LAB fermentation helps reduce these things by taking the soybean proteins and breaking
them down into smaller peptides and free amino acids that are more easily utilizable by our body.
Certain LAB strains, e.g., L. acidophilus and L. rhamnosus, produce proteolytic enzymes that
degrade these inhibitory compounds, leading to an increase digestibility of proteins(Elhalis et al.,
2024; Huang et al., 2023).

LAB fermentation influences fiber digestibility, besides improving isoflavone
bioavailability. Soybeans are rich in soluble as well as insoluble fibers, which are important for
gut health(Gan et al., 2023; Panchal & Patel, 2014). LAB ferments these fibers to produce short-
chain fatty acids (SCFAS), such as acetate, propionate, and butyrate, which can provide energy for
the beneficial microbiota and play an important role in intestinal health promotion by preserving
mucosal inflammation and regulating gut homeostasis (Zhao et al., 2020). Increased production of
SCFAs has not only a beneficial effect on digestion but also systemic effects such as anti-
inflammatory and immunomodulating (Kim et al., 2018).

The LAB fermentation of soybeans increases their nutritional value by increasing the
bioavailability of proteins, minerals, and bioactive compounds, as well as reducing anti-nutritional
factors, including protease inhibitors and phytates, leading to better absorption of essential amino

acids and minerals (Chiou & Cheng, 2001). Furthermore, LAB fermentation generates bioactive
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peptides and short-chain fatty acids (SCFAs) that contribute to gut health, lower the risk of
cardiovascular diseases, and stimulate immune system response (Kim et al., 2016; SU et al., 2018).

1.8.2. Soybean in Cosmetic and Pharmaceutical Applications

processes in several sectors for their bioactive molecules. In the pharmaceutical industry,
LAB fermented soybeans provide a high source of bioactive components with potential therapeutic
benefits for illnesses including inflammation, cancer, and cardiovascular disease. The fermentation
of soy increases the bioavailability of isoflavones and other antioxidants that have been used for
anti-inflammatory and anticancer effects. LAB-fermented soy products have become increasingly
popular in the market of nutraceuticals (Sirtori, 2001; Zhao et al., 2007). where natural health
products are demanded/required as a sustainable and effective substitute for synthetic drugs.

Extracts of fermented soy, rich in isoflavones with various biological activities (antiaging,
anti-inflammatory, and moisturizing), are popular ingredients for cosmetics. These bioactive
ingredients protect the skin from oxidative stress, increase elasticity, and reduce the appearance of
wrinkles. Since, LAB-fermented soy project also possesses multifunctionality for use in natural
cosmetic products that aim to maintain the skin's look young and healthy(Canter et al., 2005).

Soy lecithin decreases cholesterol levels and contributes to fighting against chronic liver
diseases (Edziri et al., 2019). In addition, soy (especially genistein)-derived isoflavones could
prevent bone loss and decrease the incidence of osteoporosis by exerting estrogen-like activity.
Frequent consumption of soy-based products decreases your chance of developing heart disease
by increasing flexibility in the blood vessels and preventing plaque buildup in the arteries (Kim et
al., 2004).

1.8.3. Soybean in Culinary Usages

Traditional fermented soybean products are becoming an increasingly important
component of the human diet. The extracellular enzymes from microorganisms could catalyze
biochemical reactions of soybean nutrients during the fermentation. In this way, bioactive
compounds such as bioactive peptides are generated (Liu et al., 2022). Soybeans fermented by
LAB are also useful for the agricultural field, not only in sustainable agriculture. The LAB-
fermentation can enhance the quality of soil, and it can also offer biocontrol possibilities for a

reduction in chemical pesticides. Furthermore, fermented soy products may be used in the
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production of bio-based fertilizers to ensure a more sustainable agriculture. These emphasize the
significance of LAB fermentation not only in the food and health sector, but also in improving
environmental sustainability, and development of ecologically sustainable agricultural
technologies (Alshannaq & Yu, 2017; Ikram et al., 2023; L. Liu et al., 2022)

Soy products, including tofu, soy milk, tempeh, and soy protein isolates, have become
particularly popular as substitutes for animal-based products due to the availability of options that
can mimic equivalent texture, taste, and nutritional components (Rizzo, 2024). These foodstuffs
are of particular importance in vegetarian and vegan diets, and they are increasingly being
acknowledged for their role in cardiovascular disease prevention, cholesterol-lowering effect, and
bone health ( Zhao, 2007).

Table 6. Examples of Soy-based Foods

Soybean-based Food Characteristics References
Tofu Rich in protein, low in fat, high ~ (Mateos-Aparicio et al., 2008)
in calcium, versatile for savory
or sweet dishes

Soy Milk Lactose-free, high in protein, (Eslami & Shidfar, 2019)
calcium, and vitamins B and D

Tempeh Fermented soy product, highin  (Rizzo, 2024)
protein, probiotics, and vitamins
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1. Introduction

The lactic acid bacteria (LAB) comprise a diverse group of Gram-positive non-spore-forming
microaerophilic or facultatively anaerobic cocci or rods. They are important microorganisms that
are widely used in making fermented foodstuffs like cheese, yogurt, pickles, beer, wine, cider,
sauerkraut, and cured meats in this laboratory (Microbiological Encyclopedia, 2010). As LAB are
significant members in the food industry, the determination of the nutritional requirements of these
bacteria has been studied extensively. We will answer such questions in this essay based on

knowledge and evidence from many scientific articles.

Lactic acid bacteria (LAB) were first discovered and employed in food processes at the same
time as mankind started fermenting vegetables, fruits, milk, and grain into pickled products. The
history of fermenting food products is suggested to be witnessed when people left their food in a
cold, dark place, and it became pickled (Saris, 2014; Stiles and Holzapfel, 1997). It was the first
way of food preservation that is still practiced in third-world countries today. It was one way in

which food could be preserved and kept for hard times of famine and long winters.

LABs are believed to have appeared shortly after 4000 BC in Babylon, where they were
employed in beer production. Long before the concepts of microbes and fermentation, they merely
understood that if a couple of days of contact with the environment were given to barley and water,
the result was an intoxicating drink (Schillinger & Holzapfel, 2003). The modern history of LAB
really goes back only 330 years to when a Dutchman, Leeuwenhoek, first observed and described,
in 1684, the action of fermentation. This was the beginning of microorganisms, and he coined the
term "wee animalcules” to describe them. And since no one knew what fermentation even was for
another 200 years, little research progressed on LAB and their fermentations(Saris, 2014; Stiles
and Holzapfel, 1997).

1.1. Importance of Lactic Acid Bacteria in the Food Industry

The process of conversion of milk to different fermented products is considered to be as
old as 6,000 years. Since then, there has always been uncertainty about the exact nature of
fermentation and the types of microorganisms involved. It wasn't until the mid-19th century that
Louis Pasteur demonstrated the connection between the spoilage of wines or beer and the activities
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of microorganisms. Two types of fermentations were categorized: one being the spoilage of
produce, wherein off-odors, flavors, and slime are produced, and the other being fermentation,
where energy-yielding reactions of carbohydrates end up with an organic molecule. The final
product of this pyruvate dictates the type of fermentation that has occurred.

In modern times, lactic acid bacteria (LAB) have become central figures in the industry of
fermented foods due to the knowledge of their metabolic functions. They have been isolated and
used for the production of foods such as yogurts, cheeses, fermented meats, and vegetables. The
typical genera of LAB involved in these processes are Lactobacillus, Streptococcus (now known
as Lactococcus), and Bifidobacterium. These organisms displace the original microflora of the
food substrate through competition and production of inhibitory substances, which prevent
spoilage and pathogens from growing. The LAB can alter the texture and flavor of many different
food types (Seddik et al., 2017). For example, in yogurt, the thickening of the milk is due to
exopolysaccharides synthesized from lactose by bacterial B-galactosidases. LAB fermented foods
have become increasingly popular in diets due to the associated health benefits. For example,
yogurt prevents lactose intolerance due to the consumption of lactose, and it is believed that
probiotics from fermented foods have a positive impact on the microflora of the lower intestinal
tract (Gomez-Torres et al., 2016). The use of LAB is not just limited to the fermentation of dairy
products, but rather a large range of foodstuffs. It would be hard to find a foodstuff that hasn't been
subject to lactic acid fermentation.

1.2. physiology

Lactic acid bacteria (LAB) are largely defined by their capacity to ferment carbohydrates,
namely sugars, into lactic acid, which is essential in the fermentation of food. They are facultative
anaerobic, growing in the presence or absence of oxygen. LAB metabolize sugar via glycolysis,
leading primarily to lactic acid, but some species will produce additional metabolites such as acetic
acid or ethanol. This metabolic process is important for food preservation when the lactic acid

decreases the pH and prevents the growth of spoilage microorganisms.

LAB are very well suited to survival under difficult conditions, for example, in the acid
environment of the stomach or during fermentation under low oxygen conditions. They have

peptidoglycan in cell walls for structural protection, have different transport systems for smaller
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and larger molecules, and have different stress-defense systems. These characteristic physiological
properties allow LAB to exist in various environments and act as probiotics, serving to be

beneficial for gut health, immune function, and pathogen inhibition.

1.3. Nutritional Requirements of Lactic Acid Bacteria

LAB are important in the food industry and are generally regarded as safe (GRAS) organisms
that help ferment edible foods and feed substrates by causing desirable modifications resulting
from the production of organic acids and bacteriocins (Sadiq et al., 2019). They possess the ability
to metabolize a wide variety of carbohydrates, which allows them to be successful in multiple
environments and efficiently colonize and compete with other bacteria. Although the carbohydrate
metabolism and genetics of lactobacilli have been studied extensively, relatively little is known
about their amino acid and protein metabolism, which is somewhat surprising in view of the fact
that dairy-based substrates such as milk whey are poor in amino acids and neutral nitrogenous
compounds.

Most LAB need a variety of nutrients such as B vitamins and amino acids (as reported by
Kitay & Snell, 1950; Snell, 1945), but, as pointed out by Tannock et al. It highlights the need for
a better comprehension of their nutritional requirements, not only to ameliorate fermentation
processes, but also to further understand them as microbial agents in different ecological niches.
Earlier reports by Orla-Jensen (1919, 1930) had already pointed out the need for complex media
for high growth rates of LAB, recognizing some important components including riboflavin and
individual amino acids; however, most LAB still require culture on undefined nutrient sources,
which indicates a persisting drawback in this field of research (ROGOSA et al., 1947; TITTSLER
etal., 1947).

LAB media, especially those used for food fermentation, must have a delicate balance of the
growth nutrients, including nitrogen sources, carbon sources, and the buffer system. The most
commonly used de Man, Rogosa and Sharp (MRS) medium offers LAB a standardized growth
environment, but it is expensive mainly due to the nitrogen sources (ROGOSA et al., 1947). The
nitrogen sources in these media are generally expensive and contribute, to a large extent, to the
cost of culture medium. This has prompted a continuing search for alternative, inexpensive media.
Some research work has been undertaken highlighting the possibility of substituting expensive

nitrogen sources in LAB culture media with cheaper components obtained from agronomic by-
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products, i.e., wheat bran hydrolysates and steep corn liquor. These options not only save costs,
but also can make waste resources recycled, which is helpful for food industry sustainable
production methods (Zhao et al., 2019).

1.4. Carbohydrates as a Source of Energy

In the case of many fermentable pentose sugars as well as glucose, an alternative phosphor-
ketolase pathway allows the metabolism of sugar phosphate to produce energy with lactic acid
and/or ethanol end products, where 1 mole of sugar phosphate can be split to yield 1 mole of lactic
acid and 1 ATP (Vuyst et al., 1993). This pathway is exhibited by L. plantarum in the metabolism
of ribose. High energy yield from hexose and pentose sugar phosphate may create a need for
increased reoxidation of NADH, and it has been suggested that sugar fermentation by LAB is
linked to a specific sugar-inducible NADH-dependent lactic acid dehydrogenase, to optimize lactic
acid production in comparison to mixed acid fermentations (Baygut et al., 2023). The first and
rate-limiting step in the catabolism of hexose sugars occurs with the formation of sugar phosphate
via the action of sugar-specific phosphoenolpyruvate: sugar phosphotransferase system (PEP-
PTS).

Subsequent conversion of sugar phosphate to pyruvate or lactic acid with ATP production
occurs by a common Embden-Meyerhoff pathway. This pathway has been described in detail for
lactococci and Lact. helveticus when using glucose, and it was shown that a high ATP yield of 2
moles per mole of sugar fermented occurs during lactic acid production from sugar phosphate by
pyruvate Kinase action. This compares with a 1 ATP yield via pyruvate formation and 2 moles of
lactate dehydrogenase reduced pyruvate to lactic acid with a net energy yield of 1 mole of ATP
and 1 mole of lactic acid. Control of lactic acid production varies among different LAB and is
influenced by the metabolic requirement for NADH reoxidation to regenerate NAD+ (Djeghri-
Hocine et al., 2007; Valerio et al., 2008; Yoon et al., 2004).
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Figure 16. Generalized scheme for the fermentation of glucose in lactic acid bacteria(Caplice, 1999)

Lactobacillus plantarum and L. casei, typical of heterofermentative lactic acid bacteria (LAB),
exhibit environmental versatility by utilizing a wide range of carbon sources. For these
microorganisms, carbohydrates must undergo catabolism to release metabolic energy, with the
primary interest being lactic acid formation. Energy production is measured in terms of ATP, and
studies using 14C-labeled substrates have quantified carbon recovery as CO2 and lactic acid. ATP
yield is generally in a 1:1 ratio with the sugar consumed, except for galactose, which is fermented
to pyruvate and lactic acid at the expense of one ATP. Holzapfel et al. (1990) confirmed a 1:1
ATP-to-glucose ratio for L. casei and other sugars, supporting the idea that sugar fermentation rate
is primarily driven by energy needs rather than just acid production.(Stiles and Holzapfel, 1997)
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1.5. Proteins and Amino Acids for Growth

1.5.1. Essential Amino Acids for Lactic Acid Bacteria Growth

There are 20 amino acids required for protein synthesis in all organisms. Ten of these are
synthesized by the transamination and deamination of their keto acids. The remaining ten have to
be provided in the growth medium since the bacteria do not possess all the enzymes required for
their biosynthesis. The keto acids of the essential amino acids can only replace the amino acids
themselves if there are other amino acids present in the medium that allow the synthesis of that
keto acid. The availability of these amino acids in the medium alters the metabolic activity of the

bacteria and has drastic effects on the growth and production of organic compounds.

1.5.2. Leucine

Leucine increases biomass yields of lactic acid bacteria, with the extent to which it does this
varying between the different species. In a study looking at the effect leucine has on different
strains of Lactobacilli, it was found that L. casei subsp. Lactobacillus rhamnosus was the most
stimulated by leucine, with biomass yields increasing 6.1-fold compared with the control. In
contrast, leucine did not affect L. delbrueckii subsp. bulgaricus. Despite this, Lactococcus lactis
subsp. Cremoris has been found to require leucine for growth. In the latter study, it was identified
that leucine was first in a sequence of four enzymes catalyzing the biosynthesis of branched-chain
fatty acids required for the plasma membrane in Lactococci. The importance of these fatty acids

has been displayed in a study, which showed that mixed isomer unsaturated C(18) fatty acids

Figure 17.Leucine :(2S)-2-amino-4-methylpentanoic acid retrieved from PUBCHEM CID 6106
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effectively increased plasma membrane fluidity and protected cells against cold stress (Zhang,
2019)

1.5.3. Valine

Valine is a relatively apolar and is one of the essential amino acids. It is unique in that it
can act as both a hydrophobic and a hydrophilic substance due to the way it is able to fit within a
protein structure. This means that valine is taken into the cell by a single transport system. This
system is wasteful and a little nonspecific due to the fact that this one transport system must be
capable of distinguishing between all three leucine, isoleucine, and valine to select proline.

Although valine can be synthesized into prophorine, it is not able to take the place of
isoleucine or leucine in the synthesis of cell components, and thus valine is considered to be
essential with respect to that role. In terms of what valine actually does for bacteria and why it is
essential in its role, there is very little evidence to suggest its specific functions, and it has been
described as a "functionally silent molecule.” While studying the effects of valine-starved mutants
of E. coli by using a variant RNA stable isotope labeling method, it was shown that the destruction
of rRNA was affected during valine starvation. Although we are only on the brink of understanding
the specific roles of amino acids at the molecular level, it is likely that valine no doubt plays a role
in the stability of genetic material and the maintenance of appropriate protein folding (Jiang et al.,
2020)

J =
Figure 18. Valine (2S)-2-amino-3-methylbutanoic acid retrieved from PUBCHEM

CID 6287
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1.5.4. Isoleucine

Isoleucine is one of the essential branched-chain amino acids (BCAAS) that play a vital role in
various metabolic processes, including protein synthesis, energy production, and muscle repair.
As an essential amino acid, isoleucine cannot be synthesized by the human body and must be
obtained through dietary sources such as meat, dairy, and legumes. It is involved in maintaining
blood sugar levels by stimulating glucose uptake into cells, particularly in muscle tissue, during
exercise (Kramer et al., 2020). Isoleucine also serves as a precursor for various metabolites and

plays a crucial role in the regulation of immune functions and hemoglobin production (Li et al.,

Figure 19.Isoleucine (28S,3S)-2-amino-3-methylpentanoic acidretrieved

from

1.5.5. Lysine

Lysine is an essential amino acid for several lactic acid bacteria, including Bifidobacterium
acidilactici and Pediococcus acidilactici, which require it for growth. In Bacillus subtilis, lysine
serves as a precursor for cell wall synthesis, with diaminopimelate epimerase being a key enzyme
in its biosynthesis pathway (Tzin & Galili, 2010). This enzyme is regulated by a lysine repressor,

which downregulates transcription of genes involved in lysine biosynthesis when intracellular
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lysine is in excess (Berlowska et al., 2016). This is evident in Lactobacillus species, where the
absence of lysine or diaminopimelate epimerase leads to a hairless mutant phenotype due to
impaired cell wall synthesis. Several Lactobacillus species, such as L. plantarum, L. helveticus,
and L. salivarius, have been shown to exhibit lysine auxotrophy, making lysine a required growth

factor.

1.5.6. Methionine

Methionine, the only sulfur-containing amino acid, plays a crucial role in the growth and
metabolic activity of Lactobacillus bulgaricus. This microorganism produces enzymes that
degrade excess L-methionine into a-keto acids and various carboxylic acids, particularly when L-
methionine concentration exceeds 0.5% of the dry cell weight. At this level, cell growth becomes
insignificant, with only small amounts of L-methionine being used for protein synthesis.
Conversely, a deficiency of L-methionine impairs the growth of L. bulgaricus, a fastidious
microorganism that is auxotrophic for several amino acids. L-methionine is essential not only for
protein synthesis but also as a precursor for important carboxylic acids and for the production of

enzymes that enhance gene expression.

Figure 20. Methionine (2S)-2-amino-4-methylsulfanylbutanoic acid retrieved from

PUBCHEM CID 6137.
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1.6. Non-Essential Amino Acids for Lactic Acid Bacteria Growth

Amino acid supplementation, including alanine, glycine, and glutamate, to Lactobacillus
delbrueckii subsp. Bulgaricus showed a significant impact on its growth and acidifying activity.
Glycine was non-essential, but alanine and glutamate were essential for PS140 T. The bacteria
seemed to require alanine and glutamate, as they produced no growth with either. A L. bulgaricus
can metabolize exogenous glutamate, an amino acid acting as a metabolic precursor for some other
biological molecules. Peptides released during milk protein hydrolysis that occurred during
fermentation also stimulated bacterial growth, which suggests that L. bulgaricus might prefer to
utilize this rather than alanine. These results may have implications for stimulating bacterial

growth in industrial fermentations used in food production

1.6.1. Alanine

The growth of Lactococcus lactic cells is stimulated by alanine, resulting in reduced
generation time and increased final cell density. However, alanine also acts as an "exhaustion”
substrate in L. casei during chemostat cultivation, eventually leading to cell autolysis. Recent
studies have clarified the biochemical pathways and regulatory mechanisms behind alanine’s
effect on cell growth. In L. casei, aminotransferase activity with 2-oxoglutarate was significantly
higher in cells grown with alanine, indicating that alanine enhances the synthesis of 2-oxoglutarate.
Alanine is catabolized through transamination with 2-oxoglutarate to produce pyruvate and 2-
oxoglutarate. The increased aminotransferase activity and carbon flow regulation suggest that

alanine can induce carbon catabolite repression (CCR), affecting the growth of lactic acid.

Figure 21. Alanine (2S)-2-aminopropanoic acid retrieved from PUBCHEM CID 5950.
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1.6.2. Glutamate

Glutamate serves as a critical nitrogen source for asparagine biosynthesis, as demonstrated
by mutations in glutamine synthetase, which regulate the GOGAT pathway based on available
nitrogen sources. This mutation allows the study of nitrogen mobility and inter-enzyme product
transfer between reactions in the alternative and original biosynthetic pathways. For example, the
formation of an isozyme of GOGAT, which bypasses normal regulation by the nitrogen source,
enables direct ammonia donation to produce glutamate from 2-oxoglutarate, preventing the

catabolism of accumulated glutamine(Dallagnol et al., 2011).

The presence of pyridoxal in the medium was essential for the growth of Lactobacillus
casei and other pyridoxal-dependent LAB when glutamate was the nitrogen source, highlighting
the importance of transamination in glutamate metabolism. In contrast, growth was not observed
when glutamate was the sole nitrogen source, suggesting that the synthesis of glutamine from
exogenous glutamate is necessary for L. casei growth. Additionally, growth in a medium
containing ammonium chloride as the nitrogen source was inhibited by higher glutamate
concentrations, indicating feedback inhibition of glutamine biosynthesis by glutamate(Gamage et
al., 2016).

I D

Figure 22. Glutamate (2S)-2-aminopentanedioic acid retrieved from PUBCHEM CID 33032.
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1.6.3. Glycine

Glycine is a copious and metabolically flexible amino acid which, although not essential in
the human diet, is indispensable for the growth of diverse microorganisms, including lactic acid
bacteria. Junaidi et al. (2025) reported that glycine was the sole amino acid required for the growth
of Lactobacillus species (L. arabinosus, L. casei, and L. plantarum) in a defined medium
containing basal salts, organic acids, inulin, vitamins, and trace minerals (Junaidi et al., 2025).
Glycine's low molecular weight makes it one of the smallest amino acids, with side chains
consisting solely of a hydrogen atom (although evidence suggests that it can freely rotate). Its uses
range from serving as an inhibitory neurotransmitter and neuromodulator to being used as a

precursor to the biosynthesis of proteins and porphyrins.

Its indispensability for lactic acid bacteria is at least partly based on being a precursor of
serine, which is required in purine biosynthesis, and involvement in one-carbon metabolism via
the glycine cleavage system. The fact of a functional folate biosynthesis pathway in LAB
underscores glycine’s importance. This study shows that the growth of these bacteria depends on
glycine, rather than purines, and it is proposed that it may function as a key component of purine

biosynthesis in addition to its role in other metabolic activities.

Figure 23. Glycine 2-aminoacetic acid retrieved from PUBCHEM CID 750
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LAB Biotechnological Valorisation of Plants

Fermentation is commonly used in the food and beverage industry to make items such as
beer, wine, and vinegar by fermenting plant sugars with yeasts and bacteria. In addition,
fermentation elevates the nutritional profile of plant foods, as evidenced by soybeans becoming
soy sauce, tempeh, and miso. In all 3 cases, the food tastes better and is easier to digest with
increased availability of nutrients. Bioconversion operations are also used to produce high-value
by-products, including enzymes, organic acids, and other metabolites that find use in the textile,
paper, and food sectors(Alrefaey et al., 2021). The most apt example of the role of bioconversion
for developing ingredients for BPs is associated with the fermentation of plant sugars to lactic acid.
Lactic acid bacteria (LAB) are known to play a significant part in the bioconversion of secondary
plant metabolites and act as biological catalysts for the transformation of the structure and function
of plant constituents. Their enzymatic machineries, including glycosidases, esterases,
decarboxylases, and reductases, can specifically and selectively cut the glycosidic bond or
modification of the involved phenolic structure(s), leading potentially to a higher bioavailability
(stability or biological activity) of physicochemicals (Naidu et al., 1999).

1.7. LAB Enzymes and Secondary Metabolite Activation/Inactivation

Lactic acid bacteria (LAB) harbor a various number of enzymes, such as -glucosidases,
esterases, phenolic acid decarboxylases, oxidoreductases, and proteolytic enzymes able to modify
plant secondary metabolites through their cleavage or synthesis. Such enzymatic conversions are
particularly important in the context of medicinal plant valorization, as many secondary
metabolites occur as conjugates or polymers with low bioactivity. LAB may transform these
compounds into more available or active forms through enzyme hydrolysis or redox reactions, thus
increasing the nutraceutical or therapeutic value of herbal products. For example, LAB j-
glucosidases may cleave the glycosidic bonds in flavonoid glycosides, which benefits absorption
and bioactivity, as demonstrated by the conversion of daidzin to daidzein, resulting in an improved
antioxidant capacity and estrogenicity. LAB enzymes are further involved in the detoxification of
anti-nutritional or toxic physicochemicals like tannins, alkaloids, and saponins by hydrolyzing
esterified polyphenols or degrading alkaloids (e.g., solanine), thus decreasing their toxicity while
improving functional food safety/efficacy. The enzymatic behavior of LAB is strain-dependent

and depends on the genetic, environmental, and fermentation conditions, and with the development
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of genomics and metabolomics we have been provided with tools to select LAB strains for
purposeful biotransformations. This allows for biotechnological valorization of medicinal plants
such as those from areas like Western Algeria with distinct physicochemical profiles that may (or
may not), however, require specific processing by microbial strains and ultimately supports

sustainable bioprocessing in research and development.

Table 7. Important LAB enzymes and their functions

Enzyme Target ) Functional LAB Genera
Reaction Type o
Name Substrate Contribution Examples

Releases aglycones,

) Hydrolysis ) Lactobacillus,
B- Flavonoid o enhancing
_ _ (glycosidic o Leuconostoc,
Glucosidase glycosides bioactivity and _
bond cleavage) Pediococcus

bioavailability

Reduces bhitterness,

Esterified Hydrolysis releases aromatic
) Lactococcus,
Esterase phenolics & (ester bond compounds and _
o ) Lactobacillus
lipids cleavage) improves
digestibility
Hydrolysis Reduces )
Hydrolyzable ) ) Lactobacillus,
Tannase _ (tannin ester  astringency and
tannins o ) Enterococcus
bonds) toxicity of tannins
Phenolic ) ) Generates volatile
) Hydroxycinnami _ ) )
Acid ids ( Decarboxylatio phenols; improves Lactobacillus,
c acids (e.g., o o _
Decarboxylas o n antioxidant activity Weissella
ferulic acid)
e
Hydrolysis Increases )
) ) S Lactobacillus,
Protease Plant proteins (peptide bond  digestibility,

Streptococcus
cleavage)
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Glutamate

Decarboxylatio

releases bioactive

peptides

Produces GABA,
offering

Lactobacillus

Decarboxylas Glutamate neuroprotective and brevis, L.
n
e antihypertensive plantarum
effects
Oxidizes
olyphenols to
_ Phenolic Oxidation P -yp ]
Laccase-like quinones; may Lactobacillus spp.
compounds (polyphenol
Enzyme S affect color and (rare)
(e.g., catechols) oxidation) o )
antimicrobial
properties
Detoxifies nitrates
Nitrate _ _ _ and contributes to Lactobacillus,
Nitrate ions Reduction ) )
Reductase anaerobic energy Carnobacterium

metabolism

Source: according to the works of (Lara-Espinoza et al., 2021), Natalia et al., 2020; and Niazian, 2019).

1.8. Lactic Acid Bacteria Fermentation

Techniques such as fermentation, enzymatic breakdown, and the use of Lactic Acid
Bacteria (LAB) have proven to be particularly effective in improving the potency and stability of
plant-based compounds. For instance, LAB fermentation is used to enhance the antimicrobial
properties of plants like Salvia officinalis (sage), which has been traditionally used for its healing
properties. Through fermentation, LAB convert complex plant compounds into simpler, bioactive
forms, increasing the therapeutic potential of the plants and making them more effective for use in
pharmaceuticals, nutraceuticals, and cosmetics. This optimization of plant bioactive compounds
helps ensure that these plants can be utilized in more targeted and effective treatments, offering
significant benefits to both medical and commercial sectors (El Sheikha, 2017; Niazian, 2019).

69



Chapter 4 Biotechnological involvement of Lactic Acid Bacteria in Plants Valorisation

Table 8.Relevant works reporting beetroot fermentation utilizing lactic acid bacteria

Fermentation
Conditions Key Findings References
Agents
Increase in free phenolic acids.
‘ Decrease in conjugated phenolic ‘
Lactic pH 6.5 . (Natalia et al.,
_ ‘ acids.
acid bacteria at 37°C o . 2020)
Highlights beetroot's potential as a
non-dairy probiotic.
L. Plantarum and L. paracasei
showed significant growth in beet
L. Plantarum pH 6.5 o . (Jafar et al.,
juice fermentation.
L. paracasei at 30°C o 2019a)
-Suggests beetroot's suitability for
producing probiotic beet juices.
Fermented beetroot juice had a
L. brevis 0944 M positive impact on gut microflora (Klewicka et al.,
L. paracasei and metabolic activity in rats. 2015)
L. acidophilus and L. plantarum
L.acidophilus produced more lactic acid, reducing
L. casei At 30°C pH to below 4.5. (Kyung et al.,
L.delbrueckii for48 h Viable cell counts remained at 10— 2005)
L.plantarum 10® CFU/ml after 4 weeks of cold
storage.
Lactic fermentation led to the
Lactic Bacteria , conversion of sugars into lactic (Foss et al., 2023)
acid.
Co-culture Anaerobic
L. acidophilus ~ fermented  Antibacterial activity against (Firoozirad et al.,
and for Listeria monocytogenes. 2021)

L.plantarum 24 and 48 h

70



Chapter 4 Biotechnological involvement of Lactic Acid Bacteria in Plants Valorisation

48 h fermented juice had cytotoxic

activity against human liver cancer

cells.
Lactic (Janiszewska-
Fermentation Fermentation produced LAB-rich
fermentation . . Turak et al.,
spray drying  beetroot juice.
using LAB 2022)
Lactic fermentation altered the (Janiszewska-
L. plantarum
Fermentation properties of beetroot and carrot Turak et al.,
L. paracasei
juices. 2023)

NM: not mentioned
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1. Statement of objective

Traditional laboratory practices rely on specialized media formulations, such as the widely used
MRS (de Man, Rogosa, and Sharpe) medium, to cultivate LAB. These media come at a significant
financial expense, can be subject to ruptures, posing a challenge for resource-constrained
laboratories and industries. The main target of this study is to research and develop a new growth
medium made from plant sources for the Lactic acid bacteria. Working on Algerian plants
(beetroot, carob, and soybean), the research intends to develop a medium that can be contrasted

with MRS with comparable and measurable metrics.

1.1. Hypothesis
Our hypothesis is the following:

e HI: Algerian plants, individually or combined, can replace traditional growth media.

e H2: Beetroot, carob, and soybeans' nutritional can satisfy minimal trophic requirement of

the lactic acid bacteria chosen.
e H3: Potential additive synergies could enhance plant-based growth medium.

The resulting medium will effectively support LAB genera growth

2. Sampling

2.1. Plant

Beet pulps, Carob, and soybeans were obtained from local farms in Mascara, Algeria (GPS:
35.401864, 0.139919) in the spring season during the period from March to April. The
identification of the vegetal specimen was conducted by Mr. Zahafi, affiliated with Department of
agronomy university of Mustapha stambouli - Mascara, in accordance with the established criteria
for plant identification, ensuring the accurate classification and validation of the specimen. They
were then thoroughly cleaned to remove soil and debris. The leaty parts were carefully trimmed
using a sterile scalpel, retaining only the necessary sections. The materials were then peeled,
ground, and air-dried at room temperature (around 25°C) in a well-ventilated area. This natural
dehydration process involves moisture removal through air circulation at ambient temperatures,

without the use of artificial heat. After drying, the materials were ground into a fine powder using
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a mechanical grinder. They were then stored in airtight containers in a cool, dry place to preserve

their stability.

Figure 25.plants part used; Beetroot, Carob, Soybean

2.2. Lactic Acid Bacterial Strains
For all the following work, the three stated lactic acid bacteria were utilized: namely, Lactobacillus
fermentum (NBRCI15885), Enterococcus durans (JCM8725) and Lactobacillus plantarum
(JCM1149) were used for this research (Benamara et al., 2016). These strains were identified

through RNA 16S sequencing by LGC Genomics (Berlin, Germany), with sequence analysis

74



Part 2 Material and Methods

performed using the NCBI database (http://www.ncbi.nlm.nih.gov/BLAST/). When cultivating,

the strains were subject to two consecutive propagations in MRS broth at 37°C for 24 hours.

2.3. Validation of Criteria:

= Auvailability: All three strains are widely distributed and commonly found in natural and
industrial fermentation processes, providing high reliability for the study’s
reproducibility.

= Fermentation Profile: The selection of strains with different fermentation profiles
ensures that the medium is evaluated from multiple angles, not just for basic sugar
fermentation, but also for more complex substrates like oligosaccharides and fibers.

= Stress Tolerance: The inclusion of Enterococcus durans, known for its resilience to

adverse conditions, brings a pragmatic assessment to the study.

2.4. Purity verification

Verification of the Lactic Acid Bacteria (LAB) purity was ensured using several key
microbiological tests. Gram staining: confirmed the Gram-positive nature of the bacteria. The
oxidase enzyme test: LAB strains are oxidase-negative; Absence of bubble formation. The catalase

enzyme test: LAB strains are catalase-negative; absence of color change.

First Stage: Beetroot with different chemical add-ins for enhanced performance.

2.5. Physicochemical analyses
The study involved grinding 100 g of dried beetroot powder to a consistent particle size, followed
by established laboratory techniques to measure its nutrient profile. reference standards for overall
sugar content, protein, moisture content, fat percentage, fiber content, and moisture level were
prepared in accordance with established guidelines. Afterward they were then analyzed using
spectrophotometry, Soxhlet extraction for fat content, and weight-based methods for moisture and
fiber measurement. The phenol-sulfuric acid protocol was used for total sugar analysis, and protein
quantification was measured via the Kjeldahl method. To ensure reliability and consistency, all

analysis was realized in triplicate (Ingle et al., 2017; Otalora et al., 2020; Shi et al., 2021).
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2.6. Titratable Acidity
The titratable acidity was determined by titrating an acidic mixture with a base solution of available
concentration, following the guidelines of Sujka ef al. This measurement indicates the quantity of
acid in the sample, presented in concentration values. To perform the procedure, NaOH solution is
added to 20 mL of juice containing an acid/base indicator, and the color shift is notable until it
stabilizes. The titratable acidity is then calculated by assessiung the volume of NaOH consumed,
considering its concentration, and multiplying the result to find the titratable acidity in 100 mL of

juice (Sujka et al., 2018). juice.

2.7. Total Sugar Assessment
For quantifying the overall sugars in beet juice, the phenol-sulphuric acid method was employed.
A sugar assay reagent solution was prepared abiding by the manufacturer's guidelines. Next, 10
mL of beet juice was transferred into a 50 mL beaker, diluted in distilled water to achieve a 50 mL
volume. A 1 M sodium hydroxide (NaOH) solution was prepared using a graduated burette. The
beetroot juice blend was then subject to heating in a water bath until it boiled. The reagent was
added drop by drop to the blend while stirring. The resulting color compound was measured to

determine the total sugar content.

2.8. Inoculum Preparation
The frozen strain is quickly thawed by submerging it in a 37°C water bath then inoculated into the
MRS broth using a sterile inoculation loop. The tubes containing the inoculated strains are
incubated at (35-37°C for lactobacilli, 37-40°C for enterococci) from 24 up to 48 hours. Once
favorable Bacterial growth is observed after incubation, the bacteria are transferred to a gelatinous

MRS culture medium propagate properly.

2.9. Beetroot-formulated media fermentation
In our research aimed at developing a beetroot-based medium as a viable alternative to the MRS
medium for cultivating lactic acid bacteria, the study was structured in several experimental
phases. Initially, the effects of beetroot juice alone were examined. Subsequently for 500 ml of the
Beetroot juice we auditioned theses fixed additives, including meat extract (5 g), yeast extract (5
g), peptone (10 g), and threonine (0.5 g), were introduced to explore their synergistic effects, using
the same concentrations as in the standard MRS medium for 500 g of medium. The study then

progressed to incorporate various chemical agents, following the MRS medium composition:
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Magnesium sulphate (0.1 g), Manganese sulphate (0.05 g), Sodium acetate (2 g), Ammonium
citrate (2 g), di-potassium phosphate (2 g), and zinc oxide (0.05 g). These components were
integrated into the beetroot and additive mix, allowing for the examination of their interactions.
This multi-phase approach provided valuable insights into the potential of beetroot-based media

as a replacement for conventional MRS medium in the cultivation of lactic acid bacteria.

Figure 26. aspect of one of the formulation used

2.9.1. Colorimetric analysis of the fermentation medium

The color evaluation involved the utilization of the spectrophotometer to conduct colorimetric
measurements to assess the growth dynamics of three lactic acid bacteria strains. Samples were
extracted from the initial solution at 0, 12, and 24 hours. The colorimeters' analysis of the BJFA-
MS inoculated with 10° UFC/ML , providing a quantitative assessment of growth based on changes
in color intensity over the specified time intervals (Slizewska & Chlebicz-Wéjcik, 2020). This
parameter aim to evaluate and expose an understanding of the fermentation and growth dynamics

through another visual aspect.
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2.9.2. Selection of BJFA-MS and Fermentation Comparative Analysis

The contrasting evaluation of fermentation between the BJFA-MS and MRS mediums involved
fermenting chosen lactic acid bacteria strains in both and monitor pH, acidity, and OD. metrics
assessed were the maximal growth specific speed (umax), generation time (G), acid production
speed (Qac), and productivity in (g/L.h), representing the quantity of acid produced per hour.
Throughout the Fermentation experiments samples collected at regular intervals for analysis. The

collected data were then subjected to statistical analysis.

2.10.  Testing growth on agar plates
A 100 g of dried vegetable powder was solubilized in 250 ml, to which 250 ml of distilled water
containing pre-solubilized additives and 4.6 g of agar powder was added, then homogenized and
sterilized for 120 degree for 3-5 minute, with the add ins incorporated with namely: Meat and Yeast
extract, Peptone and Tween 80. Once the medium is homogenous it's poured Petri plates.
Inoculation of 0.1 ml volume from tested bacteria solutions with a turbidity level of 1.5 X 108
CFU/ml (corresponding to 0.5 McFarland). We incubate at 37°C for 24 hours. Documenting

growth, macroscopic aspect (Andualem & Gessesse, 2013).

Figure 27. Growth medium of Agar for the formulations

78



Part 2 Material and Methods

2.11.  Statistical analysis and fermentation parameters calculation
All experiments were performed in triplicate. The results are expressed as the mean + SD (standard
deviation). Statistical analysis of the experimental data was conducted using the SPSS 13.0
software. Calculation of fermentation parameters involves determining the kinetic culture
parameters. The specific microbial growth rate (i) can be calculated through the utilization of the
semi-logarithmic method to plot Ln (X/X0) against time, as for the time of generation it’s

expressed as

G = Ln2/pmax .
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Second Stage: Beetroot with A peptone substitute (Carob pods)

2.1. Physico-chemical Analyses

Physico-chemical analyses were conducted on 100 g samples of dried, finely ground beetroot and
soybean powders using standard chemical assays. Nutritional components, including total sugars,
protein, water, fat, fiber content, and humidity, were quantified following standard protocols.
Calibration standards were prepared for accurate measurement, and chemical reagents were
handled according to standard procedures. Data accuracy was ensured through statistical analysis
and validated by cross-referencing with independent laboratory results (Janiszewska-Turak et al.,
2023). Acidity and total sugar quantity in beet and soybean juices were determined using standard
methods. Acidity was measured by titration with a standardized NaOH solution to a pH endpoint
of 8.2, following ISO 750:1998. Overall sugar content was quantified using the phenol-sulfuric
acid method, involving a reaction with phenol and sulfuric acid, followed by spectrophotometric
measurement at 490 nm. Both methods followed the protocols of (DuBois et al., 1956) for the
phenol-sulfuric acid method and ISO 750:1998 for titratable acidity (International Organization
for Standardization, 1998).

2.2. Inoculum Preparation
Preserved bacterial strains were reanimated by transferring them to culture media tailored to each
strain. For the case of Lactic acid bacteria, the reanimation medium was MRS broth. The frozen
strains were thawed and inoculated into the respective media, followed by incubation at

recommended temperatures to promote bacterial growth.

2.3. Vegetal Formulated Media Fermentation
A systematic series of experiments was conducted to evaluate the potential of carob and beetroot-
derived media for cultivating Lactic Acid Bacteria (LAB). The standalone effects of each
ingredient were initially examined, following standard protocols for media formulation and LAB
cultivation, as outlined by earlier studies (Génzle et al., 2000; Gobbetti et al., 2010). After assessing
the individual effects, fixed additives, including meat extract (5 g), yeast extract (5 g), and selective
chemical agents like sodium acetate (2 g) and ammonium citrate (2 g), were incorporated into the
media to test their impact on LAB growth and metabolic activity, using the same concentrations
as in the standard MRS medium for 500 g of medium (Prete et al., 2021). Subsequently, we

investigated possible combinations of the two plant sources (soybean and beetroot), both
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individually and in combination, with supplementation, to compare their results with those of the
standalone media. This approach aimed to assess potential complementary effects from the
respective plants, based on the differences in their nutrient composition and attributes, as described

in previous research on plant-based media for microbial cultivation ( Yang et al., 2024).

Figure 29. Aspect of the formulation based of Beetroot and Carob

2.3.1. Fermentation kinetics and analysis

This contrasting assessment included fermenting the studied lactic acid bacteria strains in both
MRS medium and other formulated media derived from various tested plants. Throughout the
fermentation process, key parameters such as acidity, pH, and OD were meticulously monitored.
The metrics evaluated included pmax (maximum specific growth rate), G (generation time), Qac
(acid production rate), and productivity (g/L.h). Throughout the fermentation, samples were
collected at regular intervals and analysed. The data obtained were then subjected to statistical
analysis to elucidate the differences and similarities between the various media (Garrote Achou et

al., 2025; S. Yang et al., 2024).
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2.4. Testing Growth on Agar Plates
A total of 100 g of dried vegetable powder for each plant was solubilized in 250 ml, to which 250
ml of distilled water containing pre-solubilized additives and 4.6 g of agar powder was added, then
homogenized and sterilized for 120 degree for 3-5 minute. Inoculation with standardized turbidity
levels was performed, followed by incubation to observe growth dynamics, macroscopic

appearance, and colony characteristics.

Figure 30. aspect of growth of agar for the medium formulated

2.5. Statistical Analysis and Fermentation Parameters Calculation
To assess the performance of various media types on bacterial growth and productivity, a detailed
analytical framework was utilized. Fermentation experiments were performed in triplicate with
duplicate analyses per sample to ensure data robustness. Statistical evaluations were conducted to
calculate key fermentation parameters, including specific microbial growth rates. A one-way
ANOVA was employed to detect significant differences in parameters such as maximum specific

growth rate (umax), generation time, acid production rate (Qac), and productivity across the media.
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2.6. Physico-chemical Analyses
Physico-chemical analyses were conducted on 100 g samples of dried and finely ground beetroot
and soybean powders using standard chemical assays. Nutritional components, including total
sugars, protein, water, fat, fiber content, and humidity, were quantified following standard
protocols. Calibration standards were prepared for accurate measurement, and chemical reagents
were handled according to standard procedures.(Janiszewska-Turak et al., 2023) Titratable acidity
and total sugar content in beet and soybean juices were determined using a pH meter (Model
Metrohm pH-Meter 632 AG CH-9101 Herisau -Swiss made). Titratable acidity was measured by
titration with a standardized 0.1 N NaOH solution of 98% purity to a final pH of 8.2, according to
ISO 750:1998. Total sugar content was quantified using the phenol-sulfuric acid method; a phenol
solution was prepared at a 5% (w/v) concentration (5 g of phenol per 100 mL of water) with a
purity of 99%, involving a reaction with phenol and sulfuric acid, followed by spectrophotometric
measurement (Model SPECORD® 50 PLUS BU-TTF from Analytik Jena company - Germany)
at 490 nm. Both methods followed the protocols of DuBois et al. (DuBois et al., 1956) regarding
the phenol-sulfuric acid method and 1ISO 12846:2012 for titratable acidity. All measurements were

performed in triplicate.

2.7. High-Performance Liquid Chromatography Analysis
The soybean and beetroot medium contents were determined using HPLC analysis, with
compounds identified according to Fluka and Sigma Aldrich standards, with a purity of 99.5%,
using Shimazu equipment (USA Manufacturing Inc, USA) consisting of two LC-20AD pumps, a
CBM-20A controller, a SIL-20AC column oven, and an SPD-20AV UV/Vis spectrometer.
Accurately weighed amounts of soybean and beetroot powder samples were placed in plastic test
tubes. Then, 1 mL of methanol containing 1% ascorbic acid was added. The components were
mixed well using a vortex device, and then incubated in an ultrasonic bath for 20 min at 20°C.
After incubation, the samples were centrifuged at 3,920 x g. From each test tube, 1 mL of the
extract was individually collected and recentrifuged at 22,579 x g. Subsequently, 500 pL of each
extract was transferred into HPLC vials for analysis. The concentration and retention time of each

compound were expressed in ppm, following the protocol described by Kelebek et al. 1°
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2.8. Vegetal-formulated media Fermentation

A systematic series of experiments was conducted to evaluate the potential of soybean and beetroot
media mixtures for lactic acid bacteria (LAB) cultivation. Initially, the individual effects of each
component were assessed using standard protocols for media formulation and LAB cultivation, as
described by Ganzle et al. and Gobbetti et al. (Géanzle et al., 2000; Gobbetti et al., 2010).
Subsequently, selected additives, including meat extract (5 g), yeast extract (5 g), and chemical
agents such as sodium acetate (2 g) and ammonium citrate (2 g), at concentrations ranging from 1
g/L to 0.1 M, were incorporated into the media to evaluate their influence on LAB growth and
metabolic activity, using the same concentrations as in the standard MRS medium for 500 g of
medium (Prete et al., 2021). Next, we investigated the possible combinations of the two plant
sources (soybean and beetroot), both individually and in combination, with supplementation, to
compare their results with those of the standalone media. This approach aimed to assess potential
complementary interactions between the two plant sources, considering their distinct nutrient
profiles and functional attributes, as highlighted by previous studies on plant-based media for
microbial cultivation (Yang et al., 2024)

2.8.1. Fermentation kinetics and analysis

A comparative study was conducted by fermenting selected lactic acid bacterial strains in MRS
medium and formulated media derived from various tested plant sources. The fermentation
experiments were performed under strictly controlled conditions, including temperature (37°C)
and agitation (150 rpm). (S. Yang et al., 2024) Key parameters, such as acidity, pH, and optical
density (OD), were monitored throughout the fermentation process. The fermentation Kinetics
were analyzed by assessing parameters such as the maximum specific growth rate (umax),
generation time (G), acid production rate (Qac) and productivity (g/L/h), which represents the
amount of acid produced per hour (Yeboah et al., 2023) Samples were collected at regular intervals
for comprehensive analysis, including pH measurements, optical density, and acid concentration
determination. (Abedin et al., 2024) These methods were adapted from established protocols for
LAB fermentation. As well, measurements were performed in triplicate, ensuring consistency and

reproducibility of the results. (Garrote Achou et al., 2025)
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2.9. Testing Growth on Agar Plates
Agar plates were prepared using fermentation-derived media a total of 100 g of dried vegetable
powder -for each plant- was solubilized in 250 ml, to which 250 ml of distilled water containing
pre-solubilized additives and 4.6 g of agar powder was added, then homogenized and sterilized for
120 degree for 3-5 minute. For inoculation, bacterial strains were adjusted to a standardized optical
density (OD) of 0.1 at 600 nm (approximately 102 CFU/mL), according to standard practice for
ensuring consistent bacterial concentration. (Hujanen et al., 2001) Following inoculation, the
plates were incubated at 37°C for 24 to 48 hours under aerobic conditions to evaluate growth
dynamics, macroscopic appearance, and colony characteristics, including size, shape, and color.
Incubation was conducted at 37°C with a maintained relative humidity of 90%. (Slizewska &
Chlebicz-Wojcik, 2020) Colony characteristics such as morphology (e.g., round, smooth, or
rough), color (e.g., white, creamy), and texture were recorded to assess the growth performance of

the strains across different media.

Figure 32. Petris plates of the formulated medium inoculated with the tested bacteria
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2.10.  Statistical Analysis and Fermentation Parameters Calculation
To assess the effectiveness of the formulated medium on bacterial growth, a detailed analytical
framework was implemented. Fermentation experiments were performed in triplicate. Statistical
analyses were carried out to evaluate key fermentation parameters, including specific microbial
growth rates. A one-way variance analysis (ANOVA) was employed to detect significant
differences in parameters such as maximum specific growth rate (umax), generation time, acid
production rate (Qac) and productivity across media, thereby highlighting statistically significant

variations.

Selectivity test

Four media, MRS (control), BJFAMS, CBB, and SBB were prepared (pH 6.6 £ 0.1) and tested for
selectivity against Staphylococcus Aureus ATCC 43300 and Escherichia coli ATCC 25922 with
the agar plating methods fr a period of 72 H. Each strain, standardized to 10 CFU/mL, was
inoculated (10pL) on triplicate plates and incubated at 37 °C for 24-48 h. Colony counts,
morphology, and growth intensity were recorded.
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First Stage Results

2.1. Purity test results

Table 9. purity test verification

L. plantarum E. durans L. fermentum
Gram + + +
Oxidase - - -
Catalase - - -

Sporulation  Non sporulated Non sporulated ~ Non sporulated

2.2. Physico-chemical results

In the results section, we present findings from the physico-chemical characterization of the
Beetroot powder

Table 10. Photochemical analysis results of beetroot powder.

Parameter beetroot powder
pH 5.5
Acidity titrble m. eq 13.02
Total sugar 67

le plus abundant Sucrose
water content g 87.6
Protein 31.09
FAT% 1.32
cellulose(fiber) 18.17
humidity 8.45
Optical density 2.16
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Our findings form table 10 indicate a pH value of 5.5, coherent to Jafar et al., 2004 study (Jafar et
al., 2019b) where pH values encompassed between 5.5-6.5. pH evaluation is a basic stepping stone
to evaluate suitability of the environment (Rakin et al., 2004; Xu et al., 2020). While Titratable
acidity function as a marker of organic acid impact in foods. We observed 13% titratable acidity
in beet juice hinting presence of organic acids and this finding aligns with Chen Chen et al., 2017,
Lee et al., 2019 and Johnson et al., 2022 findings that encompassed it in a range of 10 to 15 m.Eq
in similar juice. the optimal sugar concentration range (50-70 g/L) known to support lactic acid
bacteria growth and lactic acid production and the Overall sugar content in the beet-based medium,
measured at 67 g/LL concluding to suitable sugar availability. This data is consistent with findings
by Bujna et al., 2017 and Venegas et al., 2019, reporting a 60 to 70 g/L sugar concentrations from
same origin. The work of Kazimierczak et al., 2014 on dry matter content in beetroot juices
revealed notably lower values compared ours. Moreover, the extract and density values presented
in our study exceed those in prior works Janiszewska-Turak et al., 2022, likely attributable to
variations in vegetable maturity and experimental timing.

2.3. Fermentation

The confirmed suitability of formulated medium, the fermentation of beetroot juice alone and in
different formulations by 3 lactic acid bacteria namely: E. durans, L. fermentum and L. plantarum.
Initial inoculum was calibrated to 107 log CFU/mL Figure 23, with OD serving as an indicator of
bacterial growth and medium consumption. Multiple contrasts were observed between the beetroot
juice alone and the remaining formulation juice. Note that the medium: Beetroot Juice with Fixed
Additives -peptone, meat and yeast extract, tween80 will be referred to as ‘BJFA’ from here forth.

As a start, beetroot juice alone revealed less growth for all tested lactic strains throughout the
fermentation period, this can be related to the lack of nutritional properties of beetroot alone and
that it’s not a stand-alone media for lactic acid bacteria which are known to be exigent in their
trophic profiles. The three bacterial strains exhibited significantly enhanced growth when the
initial medium was supplemented with: meat and yeast extract, peptone, and Tween 80. Notably,
the growth recorded during fermentation with these additives was considerably higher compared
to the fermentation of beetroot juice alone. Remarkably, the inclusion of: magnesium sulfate,
ammonium citrate, and di-potassium phosphate in the beetroot-based medium led to a marked
improvement in bacterial growth. However, when compared to the MRS medium, bacterial
proliferation remained less pronounced. A promising formulation that showed success in this
experiment was the combination of beetroot juice with magnesium sulfate (BJFA-MS), achieving
results comparable to the MRS medium and following a similar growth pattern.

Furthermore, the findings of this study align with those reported by Muneeb et al. (2019), who
observed significant growth in Lactobacillus plantarum, with a gradual increase in viable cell
count over time when using beetroot juice (Malik et al., 2019b). A similar approach was employed
in the study by Wang et al. (2015), whose method involved processing beetroot juice with
Lactobacillus plantarum to produce fermented beet extract. Their results emphasized that beetroot
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provides the essential nutrients required for the growth and development of Lactobacillus

plantarum, facilitating lactic acid production and successful fermentation of the beetroot medium
(Wang et al., 2015).

Lactobacillus plantarum
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Enterococcus durans

0.5
MRS
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Figure 13. Fermentation on different formulation from BJFA with L. plantarum,
L. fermentum and E. durans; MRS: Man de Rogosa Sharp, SM: sulphate manganese, MG: sulphate

Magnesium, AS: acetate sodium, ZO: zinc oxide, CA: citrate ammonium, PP: phosphate di potassium
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2.4. Kinetic parameter of fermentation

Traditionally, Man de Rogosa Sharp (MRS) medium, is the standard for cultivating and
propagating lactic acid bacteria so in order to prove that an alternative is considerable it has to
compare to MRS in calculable metrics. The calculation of specific growth rate (umax, h{1') and
generation time for each medium, as shown in Table 11, was performed based on data obtained
from the fermentation process. While several formulations from the beetroot-based medium
(BJFA) demonstrated higher specific growth rates, it is important to note that growth speed should
be interpreted in conjunction with generation time for proper comparison with the reference
medium.

Table 11. Results of kinetics fermentation of different BJFA with the lactic acid bacteria

pmax (h) Generation time G (h)
Fermentations
Media E. L. L. E. L.

plantarum  durans  fermentum plantarum  durans  fermentum
MRS ! 0.0138 0.0276  0.0242 50.22 25.11 28.64
Beetroot alone 0.030 0.091 0.044 23.10 07.61 15.75
BJFA? 0.035 0.060 0.039 19.80 11.55 17.77
BIFA-MS?® 0.015 0.073 0.036 46.21 9.49 19.25
BIJFA-MG* 0.014 0.112 0.031 49.51 6.19 22.36
BJFA-AS® 0.032 0.077 0.049 21.66 9.00 14.14
BJFA-ZO° 0.010 0.109 0.009 69.31 6.36 77.01
BJFA-CA’ 0.043 0.081 0.022 16.12 8.56 31.50
BJFA-PP? 0.032 0.031 0.025 21.66 22.36 27.72

1: MRS: Man de Rogosa Sharp, 2: Beetroot Juice Fixed Additives; 3:, SM: sulphate manganese, 4: sulphate
Magnesium Sulfate, 5: Acetate Sodium, 6: Zinc oxide, 7: Citrate Ammonium, 8: phosphate dipotassium

2.5. Color-metrics

The color of the juice can be precisely quantified using the Y*, R*, and G* color values which
represent the Yellow, Red/Green proportions, respectively (refer to Tables 12). Notably, beetroot
juice exhibits the highest red value at the start of fermentation, with an R* value ranging from 1.8
to 2.0, while the yellow value is initially absent (null). The Green value at the beginning is minimal,
ranging from approximately 0.01 to 0.03. Upon fermentation with the lactic acid bacterial strain,
significant changes in the color profile of the juice were observed. The Yellow value increased
considerably, reaching between 25 and 30, while the green value (chlorophyll) rose to
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approximately 0.37-0.40. A notable shift was the disappearance of the Red* value, which is
typically attributed to the presence of betalain pigments in beetroot, with the Red* value dropping
below 0. This alteration in the color indices is probably linked to the breakdown of nutritional
components in the medium, driven by the increased lactic acid production and the corresponding
reduction in pH.

Literature explains that pigments like carotenoids and betalains are sensitive to low pH levels.
However, betalains tend to exhibit greater stability under acidic conditions compared to
carotenoids. (Jackson, 2020; Marszalek et al., 2021; Sajjad et al., 2020) This could be due to the
hydrolyzation process where glucose is obtained from betanin, which is a glycoside, and glucose
and betanidin are created and since these LAB strains can use this glucose and betanidin as a sugar
source (Marzo et al., 2021).

Table 12.colorimetric of the medium BJFA -MS

Lactobacillus plantarum

Color Oh 12h  24h
Yellow <0 13 28
Red 1.8 0.8 <0.0

Chlorophyll 0.01 0.19 0.40

Enterococcus durans

Color Oh 12h  24h
Yellow <0 10 25
Red 1.9 09 <0.0

Chlorophyll 0.01 0.20 0.37

Lactobacillus fermentum

Color Oh 12h  24h
Yellow <0 12 30
Red 20 1.1 <0.0

Chlorophyll 0.03 0.23 0.38
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Figure 36. Visual aspect of the colorimetric results

Color metrics results from fermentation of Beetroot* medium added with sulfate Manganese
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Figure 35. graphic representation of the colorimetric results for medium BJFA —-MS for

L.plantarum, L. fermentum and E. durans
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2.6. Comparative Fermentation in BJFA-MS and MRS

The results presented here confere a contrasting representation of fermentation outcomes between
BJFA-MS and MRS mediums for three selected lactic acid bacteria strains. These findings provide
valuable insights into the suitability of BJFA-MS in fostering lactic acid bacteria fermentation and
its implications for industrial applications.
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Figure 37.The growth kinetics of selected Lactobacillus., namely, Lactobacillus plantarum (a),
Enteroccocus durans .(b), Lactobacillus fermentum (c) cultivated in the liquid fermentation BJFA-MS
medium or de Man, Rogosa, and Sharpe (MRS) broth, comparatively. Results are presented as the

Optical density.
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For Lactobacillus plantarum, the BJFA-MS medium demonstrated a slightly higher maximal
growth rate (umax) of 0.015 h(]', compared to 0.014 h{]! in the MRS medium. Furthermore, the
generation time (G) was shorter in BJFA-MS (46.2 h) than in MRS (49.5 h), indicating a faster
rate of bacterial growth. However, a significant difference was observed in the acid production rate
(Qac) and productivity. The Qac was higher in BJFA-MS (1.7 g/g.h) compared to MRS (1.03
g/g.h), although the productivity in BJFA-MS was slightly lower (1.75 g/L.h) than in MRS (2.1
g/L.h). Despite this, BIFA-MS exhibited comparable, or even slightly improved, performance in
supporting L. plantarum fermentation, suggesting its potential as a substitute for MRS medium,
particularly due to its similar growth parameters and enhanced acid production.

For Enterococcus durans, the comparison between BJFA-MS and MRS media revealed significant
differences in bacterial growth parameters. BJFA-MS exhibited a much higher maximal growth
rate (wmax) of 0.074 h[J', compared to just 0.028 h{ 1" in MRS. The generation time was notably
shorter in BJFA-MS (9.37 h) than in MRS (24.57 h), demonstrating significantly faster bacterial
growth. Additionally, the acid production rate (Qac) and productivity were both considerably
higher in BJFA-MS (3.82 g/g.h and 1.87 g/L.h, respectively) than in MRS (2.5 g/g.h and 2.53
g/L.h, respectively). These results (refer to Table 4) highlight the superior performance of BJFA-
MS in supporting E. durans fermentation, suggesting it could serve as a more effective alternative
to MRS medium.

Lastly, for Lactobacillus fermentum, BJFA-MS also showed distinct advantages over MRS
medium in several growth parameters. BIFA-MS had a higher maximal growth rate (umax) of
0.05 h{1', compared to 0.034 h{ 1" in MRS. The generation time was significantly shorter in BJFA-
MS (13.9 h) than in MRS (20.39 h), indicating a faster growth rate. Furthermore, both the acid
production rate (Qac) and productivity were substantially higher in BJFA-MS (4.05 g/g.h and 1.8
g/L.h, respectively) compared to MRS (1.85 g/g.h and 2.1 g/L.h, respectively). These findings
suggest that BJFA-MS outperforms MRS medium in supporting L. fermentum fermentation,
emphasizing its potential as a more efficient alternative.

Table 13. Growth parameters of selected Lactic strain cultivated in MRS and the BJFA-MS medium

pmax (h) G (h) Qac (g/g.h) Productivity
/L.h
Parameter! (&/L-h)
MRS? BIJFA- MRS BIJFA- MRS  BJFA- MRS  BIJFA-
MA3 MA MA MA
L. plantarum 0.014 0.015 49.5 46.2 1.03 1.7 2.1 1.75
E. durans 0.028 0.074 24.57 9.37 2.5 3.82 2.53 1.87
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L. fermentum  0.034 0.05 2039 139 1.85 4.05 2.1 1.8

1 Analysed parameters: pmax (h"')—maximum growth rate; G (h)—generation time; Qac (g/g.h) —Specific acid
production rate in grams of acid formed per gram; Productivity (g/L.h)—the quantity of acid formed (g/L) per hour
(h).2 MRS is the abbreviation of de Man, Rogosa, and Sharpe broth; 3 BJFA-MS stand for the Beetroot Juice Fixed

Additives-Manganese Sulfate.

2.7. Agar plate growth

Lactic acid bacteria (LAB) require a complex array of nutrients, including carbohydrates, amino acids,
peptides, fatty acid esters, salts, nucleic acid derivatives, and vitamins (Hébert et al., 2009). Among these,
the acquisition of amino acids is particularly challenging for LAB. To address this, chemically defined
media have been developed to satisfy their precise nutritional needs. A similar study conducted by Juliana
et al. (2010) evaluated cane molasses as a substrate for Lactobacillus plantarum growth. Their findings
suggest that cane molasses could serve as a cost-effective alternative to importing strains, offering economic
benefits to consumers and the Colombian industry (Ossa et al., 2010). Building on this, our experimental
framework expanded to include specific chemical agents such as magnesium sulfate, manganese
sulfate, sodium acetate, ammonium citrate, di-potassium phosphate, and zinc oxide, which were
integrated into the beetroot and additive mixture. This comprehensive approach aimed to
investigate the intricate interactions among these components, exploring the potential of beetroot-
derived media to support LAB growth. These findings could have significant implications for
replacing traditional MRS medium with beetroot-based alternatives.

Additionally, our investigation identified that the medium BJFA-MS demonstrated superior
performance for all three lactic acid bacteria strains examined. This formulation was subsequently
selected for agar plate testing. Encouragingly, the results from the agar plate testing revealed
promising outcomes when compared to the conventional MRS medium. The referred medium
exhibited comparable macroscopic traits of cultivation those observed with the MRS medium.

Table 14. Agar plating method for the medium BJFA-MS

BJFA-SM

Lactobacillus
plantarum
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Enterococcus
durans

lactobacillus
fermentum

Discussion of first-stage results

Our endeavor on fermenting beetroot with lactic acid bacteria (LAB) could mark a pivotal stepping
stone in exploring alternative growth media for LAB. The results of the physicochemical analysis
reveal a pH value of 5.5, congruent with previous research, the substantial titratable acidity of 13%
in beet juice highlights its rich organic acid content. Moreover, the sugar concentration within the
beet-based medium is considered suitable and a favorable substrate for LAB growth. The
fermentation outcomes shed light on the impotence of medium composition in shaping LAB
growth dynamics since they are exigent bacteria.

While beetroot juice alone expressed limited growth, however it was not a negative result which
helped us consolidate our basic hypothesis and build on it. When auditioned enriched with add-
ins, the formulations demonstrated enhanced bacterial proliferation, emphasizing the significance
of nutritional supplementation. Particularly noteworthy was the formulation featuring manganese
sulphate (BJFA-MS), which emerged as a promising contender to MRS medium, displaying
comparable bacterial growth and macroscopic characteristics.

Further analysis of the kinetic criteria unraveled the potency of various media in promoting LAB
growth. While some formulations exhibited higher specific growth rates, a more detailed
examination of generation time underscored the comparable efficiency of BJFA-MS, particularly
for strains such as L. fermentum and E. durans.
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When comparing the growth kinetics of Lactobacillus plantarum across different media
formulations to the standard MRS medium, distinct patterns emerge. Beetroot alone resulted in a
considerably slower growth rate, with a higher maximum generation time, implying possible
nutrient limitations. In contrast, BJFA-PP and BJFA-MG exhibited growth rates similar to or
slightly better than MRS. However, BJFA-MS stood out with markedly faster growth kinetics,
suggesting it provides a more favorable environment for bacterial proliferation. These results are
contrastable to the finding of Utami etal., 2010 were the maximum growth rate was found to be
0.17 h-1 which is higher than our own finding (Yoyok, Budi, Pramono., Eni, Harmayani., Tyas,
2010) This comparison can be linked to variations in cultural conditions, as the genus used may
exhibit superior performance due to its enzymatic capabilities. Nevertheless, this outcome is still
considered positive, as our findings fall within the favorable spectrum.

In the second, when contrasting the growth kinetics of Enterococcus durans across various
formulations to MRS medium, we find that for Beetroot alone exhibited a significantly shorter
maximum generation time of 0.091, compared to MRS's 50.22, indicating faster growth. Likewise,
in the BJFA-MS, BJFA-MG, BJFA-ZO, and BJFA-PP formulations, Enterococcus durans
demonstrated notably shorter maximum generation times (0.073, 0.112, 0.109, and 0.031,
respectively) when compared to MRS. These findings collectively underscore the potential of
beetroot-based media in promoting faster growth rates for Enterococcus durans, indicating their
viability as alternatives to conventional MRS medium. Such outcomes hint at the possibility of
harnessing beetroot-derived formulations to optimize microbial growth conditions, offering
sustainable and efficient avenues for microbial cultivation. Finally, the case Lactobacillus
fermentum growth kinetics across various media formulations against the MRS reference, notable
differences emerge. Beetroot alone demonstrated a substantially reduced maximum generation
time (15.75 hours), suggesting its potential as a growth-enhancing medium. Conversely, the BJFA-
Z0 medium exhibited a significantly prolonged maximum generation time (77.01 hours),
indicating potential growth inhibition with zinc oxide inclusion. While BJFA-SM and BJFA-MG
showed comparable generation times to MRS, the BJFA-PP medium displayed a slightly shortened
generation time (27.72 hours), hinting at potassium phosphate's mild growth-promoting effect.
These variations underscore the sensitivity of Lactobacillus fermentum to medium composition,
emphasizing the need for nuanced formulation strategies to optimize growth conditions.

The Color-metrics analysis provided additional clarity regarding the transformative effects of LAB
fermentation on beetroot juice. Substantial changes in color indexes, including an increase in
Yellow* value and a reduction in the Red* value, underscored the metabolic activity of LAB and
its influence on pigment composition. These alterations, attributed to Lactic acid formation and
pH reduction, highlight the potential of LAB-mediated fermentation in enhancing the nutritional
and sensory properties of beetroot-based products. The agar plating results serve as a conclusive
validation of BJFA-MS as a conducive growth medium for LAB, showcasing comparable
performance to MRS medium. This not only reaffirms the feasibility of beetroot-derived
alternatives but also underscores their potential to offer cost-effective and sustainable solutions for
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LAB cultivation. Overall, the study opens new avenues for exploration in LAB cultivation and
underscores the potential of beetroot-derived mediums in revolutionizing the fields.

Second stage Results

2.8. Physicochemical Analysis

The results of the physicochemical analysis are presented in Figure.31.

Comparison of Beetroot Powder vs Carrobier Goose Powder

N Beetroot Powder
Bmm Carrobier Goose Powder

80

60F

Values

20+

Parameters

Figure 38. result of physicochemical analysis of beetroot pulp and Carob

2.9. Fermentation

Fermenting beetroot juice with Lactobacillus plantarum has proven effective in supporting the
growth of various lactic acid bacteria, suggesting its potential as a non-dairy probiotic product. In
our study, L. plantarum, L. fermentum, and E. durans were fermented in beetroot juice alone and
with various formulations, referred to as BA (beetroot juice Alone); CA (Carob Alone); CBB
(Carob Beetroot Blend) and BJP (Beetroot Juice added Peptone). The initial inoculum was set at
1000 log CFU/mL, and bacterial growth was measured through optical density and (Fig. 2,3.4)
represent the results of the three LAB fermentation in this different medium. While beetroot juice
alone resulted in limited growth, likely due to its insufficient nutritional content, supplementation
with meat extract, yeast extract, peptone led to significant growth across all strains. Additionally,
following a similar growth trajectory. These findings support earlier studies, including Muneeb et
al. (2019).who observed similar growth patterns in L. plantarum when fermenting beetroot juice,
and Wang et al. (2015), who demonstrated that beetroot contains the necessary nutrients for LAB
growth and lactic acid production during fermentation (Machulin et al., 2022; Malik et al., 2019b;
Wang, Na., Xiong, Guoxi., Si, Hui., Wang, Ping., Wang, 2015). Refer to Figure. 32,33.31
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Figure 42: OD (Optical Density) values, LoG UFC ml™'(Unit Forming Colony), pH and Acidity of

Strain: Lactobacillus Fermentum in different growth mediums. a: LAB viable counts; b pH; ¢ Total

titrable acidity. The experimental data were fitted to the logistic mode. All treatment were performed

2.10.

in triplicate.

Kinetic findings

Since the establishment of MRS medium, it has been the standard for cultivating and propagating
lactic acid bacteria. However, there is a growing need to diversify the mediums used for growing
these beneficial bacteria to enable further study and applications. In this context, our study focused
on developing a semi-natural medium from beetroot pulp, incorporating the minimum nutritional
requirements necessary for lactic acid bacteria, which are known for their specific trophic needs.
We calculated the specific growth rate (umax) and generation time for each medium using data
from the fermentation process, results are represented in Fig.30. While several formulations from
the BJ series exhibited higher growth rates, it is crucial to interpret the growth speed alongside
generation time for a proper comparison to the reference MRS medium.
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Figure 43:Growth parameters of selected Lactic strain cultivated in MRS, CBB and the BJP medium. Qac:

Specific acid production rate in grams of acid formed per gram; Productivity (g/L.h)—the quantity of acid

formed (g/L) per hour (h); MRS is the abbreviation of de Man, Rogosa, and Sharpe broth; BA stands for the

Beetroot Juice Alone; CA stands for the Carrobier pods Alone; BJA stands for the Beetroot Juice with added

peptone ;CBB stands for Carrobier ,Beetroot Juice Blend *the findings are shown as mean + standard

deviation (S.D).
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2.11.  Productivity and Qac

The production and Specific acid production Qac are calculated for each medium using the
collected data, and expressed in Figure 36.

2.12.  Agar plate growth

Results of the bacterial culture on the formulated medium that expressed significant performance
from the result of the fermentation are represented in Table 15.

Table 15. The growth result of the formulated medium that exhibited Lactic acid bacterial growth

medium Cultural aspect

L.plantarum E. durans L. Fermentum

MRS!

BJP?
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CBB?

! Man De Sharp Rogusa medium, ?: Beetroot Juice with added peptone; *: Carrobier Beetroot

Blend.

2.13. Statistical test results

The analysis began with an ANOVA (Single Factor) test to evaluate significant differences in key
parameters—umax, Generation Time, Qac, and Productivity across various media types. The
results, marked by an F-value of 99.78 and a p-value of 0.00, indicated significant differences,
prompting a detailed examination through the Turkey post-hoc test. The test showed that media
CBB outperformed BA and CA in several parameters and was comparable to MRS medium.
Correlation analysis revealed strong relationships, especially between Qac and productivity across
L. plantarum, E. durans, and L. fermentum. A weighted scoring system confirmed BJP and CBB
as the top-performing media for all bacteria, indicating superior efficacy.
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Figure 44:Representation of the statistical Result output in a heatmap for all tested Strains. L.
plantarum, E. durans and L. fermentum. *The color intensity represents the strength and direction of

the correlations, with blue indicating negative correlations and red indicating positive correlations.

Discussion of second-stage results

The primary aim of this study was to validate the feasibility of a BA-based medium and its
alternative formulations for supporting the growth of Lactobacillus plantarum, Enterococcus
durans, and Lactobacillus fermentum. Unlike previous research, which mainly focused on
fermentation and probiotic effects in food, our study concentrated on developing a plant-based
growth medium to replace the widely used MRS medium (Hébert et al., 2009). LAB's nutritional
needs, including carbohydrates, amino acids, peptides, fatty acids, and vitamins, were addressed
in a BA-derived medium enriched with Carob to optimize growth. Previous studies have isolated
LAB from BA products, with strains like Lactobacillus plantarum thriving in BA juice without
extra nutrients, supporting BA as a viable alternative to traditional media like MRS.

Our findings revealed that the enriched BA formulations, particularly the blend containing CA
(Carrobier) pod ground powder, supported LAB growth comparable to MRS, indicating the
potential of plant-based media for LAB cultivation. The formulation containing CA significantly
enhanced the growth rate of LAB, with the highest pmax observed in the CBB medium. In contrast,
BA alone exhibited slower growth, confirming the necessity of supplementation for optimal LAB
proliferation. These results align with previous studies, such as that of Kyung et al. (Kyung et al.,
2005), which demonstrated that LAB can thrive in plant-based media under suitable conditions.

Furthermore, earlier research has highlighted the potential of isolating LAB from beetroot
products. For instance, Lactococcus lactis and Weissella cibaria strains were successfully isolated
from homemade fermented beetroot. Panghal et al. (2017) found that LAB species such as
Lactobacillus plantarum, Lactobacillus rhamnosus, and Lactobacillus delbrueckii survived on
pasteurized BA juice without extra nutrients but o a short rate. Malik et al. (2019) showed that
Lactobacillus casei, L. plantarum, and L. acidophilus grew in carrot and BA juice substrates,
producing lactic acid after 48 hours of fermentation at 35°C (Malik et al., 2019a). .

Growth performance and productivity analyses revealed that CBB exhibited the highest growth
rates for L. plantarum (0.251 h(1') and L. fermentum (0.275 h(1'), surpassing the MRS medium,
validating CBB as an effective medium for LAB cultivation. The generation time for L. plantarum
was shortest in CBB (2.760 h), confirming its superior growth-supporting properties. Similarly,
specific acid production rates and productivity were highest in CBB, highlighting its potential as
a sustainable and efficient alternative for LAB cultivation. In comparative analysis, CBB
outperformed MRS and other formulations, indicating that CA extract enhances LAB metabolism.
The BA and CA combination promoted superior growth and acid production, eliminating the need
for peptone supplementation. Additionally, these media effectively inhibited non-LAB
microorganisms, confirming plant-based media as sustainable alternatives to traditional ones.
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2.14. Growth Potential and Medium Formulation

In our study, a decrease in pH was a key indicator of successful fermentation, with notable
differences in acid production and pH reduction across various media formulations. Specifically,
carob- and soybean-enriched formulations showed greater potential for enhancing LAB growth
and acidification compared to the more limited outcomes observed in Kyung et al.'s beet juice
fermentation. This suggests that our media modifications provide a more robust alternative for
LAB proliferation. Unlike Kyung et al. (2005), who observed minimal changes in viable cell
counts after 48 hours of fermentation, our formulations showed different growth patterns based on
medium composition. While Kyung's study found only Lactobacillus acidophilus and L.
plantarum significantly lowering beet juice pH, our study showed L. plantarum, L. fermentum,
and E. durans also acidifying the medium, demonstrating their ability to thrive in plant-based
media.

We examined the growth potential of BA, CA, and soybean individually, confirming that these
plant-based media could support LAB growth, even at minimal levels. The maximum specific
growth rates (umax) were 0.22 for BA, 0.139 for CA, and 0.095 for soybean, with corresponding
generation times of 3.9, 6.0, and 7.1 hours, respectively. These results align with the speculation
by Tuorila and Cardello (2002) (Tuorila & Gardello, 2002). Their research suggested that fruit and
vegetable juices could serve as viable media for probiotic growth. In our study, L. plantarum, L.
fermentum, and E. durans showed varying degrees of acidification, further highlighting their
potential to thrive in plant-based formulations. This suggests that plant-based media, such as BA,
CA, and soybean, hold promise for sustaining LAB growth even at relatively low levels.

The comparative evaluation of media formulations highlighted the superior performance of CBB
in supporting the growth of L. plantarum and L. fermentum, excelling in both growth rate and acid
production. While MRS medium remained a reliable reference, the CBB formulation outperformed
it, indicating that the combination of BA and CA extracts provides essential nutrients that enhance
LAB metabolism. A key finding of this study was the comparison between CBB and BJP, which
revealed that CA extract effectively replaces peptone supplementation, resulting in higher bacterial
growth. This suggests that the bioactive compounds in CA enhance LAB viability and fermentation
efficiency, positioning it as a promising ingredient for biotechnological applications.

2.15. Statistical results

e L. plantarum: The heatmap reveals a strong negative correlation between pmax and
Generation Time (-0.929), indicating that as the growth rate increases, the time it takes for
the population to double decreases. Additionally, there is a notable positive correlation
between Qac and Productivity (0.870), suggesting that higher substrate consumption is
associated with higher productivity. However, the relationship between umax and Qac is

109



Part 2 Results and Discussion

weakly positive (0.176), implying that while growth rate slightly influences substrate
consumption, the connection is not as strong.

o L. fermentum: In L. fermentum, the heatmap also shows a significant negative correlation
between pumax and Generation Time (-0.933), consistent with the general trend observed
in other strains. The correlation between Qac and Productivity (0.762) is strong, further
emphasizing that higher substrate consumption leads to increased productivity. The
relationship between umax and Productivity is weak but positive (0.200), suggesting a
minor connection between the growth rate and productivity, although it is not as
pronounced as with Qac.

e E. durans: The heatmap shows a strong negative correlation between pmax and
Generation Time (-0.912), mirroring the findings in L. plantarum and L. fermentum. There
is a very strong positive correlation between Qac and Productivity (0.875), indicating a
clear relationship between higher substrate consumption and greater productivity.
Interestingly, pmax and Productivity exhibit a weak negative correlation (-0.213),
suggesting that in this strain, faster growth does not strongly influence productivity and
might even slightly hinder it. Each strain exhibits a general pattern where pmax and
Generation Time are negatively correlated, and Qac and Productivity are positively
correlated. However, there are differences in the strength of relationships among other
parameters across strains.
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Third stage Results

3.1. Physicochemical analysis

The chemical analyses of beetroot and soybean powders revealed distinct compositional
characteristics, as summarized in Figure 1. Beetroot powder had a slightly acidic pH of 5.6,
whereas soybean powder exhibited a pH of 6.2, consistent with findings by Sakhare et al. (Sakhare
et al., 2019) and slightly higher than the typical 6.5-7.0 range reported by Osthoff et al. (Osthoff
et al., 2010) Total sugar content was substantial in both powders, at 67% for beetroot and 70.2%
for soybean, aligning with the generally high carbohydrate content of soybeans, though some
studies indicate lower sugar levels. (Glowacka et al., 2019) Water content was markedly higher in
beetroot powder (87.6%) compared to soybean powder (63.1%), reflecting beetroot's higher
moisture retention capability, as also noted by (Sakhare et al., 2019) and supported by other studies
highlighting soybean's comparatively lower moisture retention. (Glowacka et al., 2019; Wang et
al., 2021) Protein content was significantly greater in soybean powder (41.67%) than beetroot
powder (31.09%), aligning with soybean’s known high protein composition, (Chen et al., 2021a)
though some beetroot varieties have reported slightly higher protein contents. Similarly, fat content
was substantially higher in soybean powder (14.89%) compared to beetroot powder (1.32%),
consistent with soybeans' lipid-rich profile, whereas beetroot is recognized as having negligible
fat content. (Krogh et al., 2015) Fiber content was notably greater in beetroot powder (18.32%
cellulose) than soybean powder (2%), reflecting beetroot's higher dietary fiber content compared
to the typically lower fiber levels in soybeans.(Flores/Mancha et al., 2021) Lastly, moisture levels
were higher in beetroot powder (8.45%) relative to soybean powder (1.38%), consistent with
beetroot’s higher water activity and soybean’s lower moisture retention capacity (Figure 38).
(Carmo et al., 2018)

The primary objective of this study was to assess the viability of lactic acid bacteria (LAB),
specifically Lactobacillus plantarum, Enterococcus durans and Lactobacillus fermentum, in
beetroot-based media and their formulations as sustainable alternatives to the conventional MRS
medium. Previous studies exploring similar objectives frequently focused on fermentation or
probiotic effects in food products like yogurt or biscuits’ in contrast, our research emphasized
optimizing plant-based growth media. Prior investigations affirm the ability of LAB to grow
successfully on plant-derived substrates, such as beetroot, with Lactococcus lactis and Weissella
cibaria strains isolated from fermented beetroot products and Lactobacillus species demonstrating
viability in pasteurized beetroot juice without nutrient supplementation. These findings support
our observations, confirming beet juice as a suitable substrate for basic LAB cultivation,
particularly for L. plantarum and L. fermentum. However, as highlighted by Kyung et al., beetroots
alone might not offer optimal growth conditions for LAB, as demonstrated by the moderate growth
of Lactobacillus acidophilus and L. plantarum in beetroot juice alone. Our findings corroborate
this, indicating that soybean supplementation substantially enhances bacterial proliferation.
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Our study demonstrates that a soybean-beetroot blend (SBB) supports bacterial growth comparable
to the MRS medium, contrasting with previous studies where plant-based media underperformed
traditional formulations. Notably, growth parameters such as umax and generation time improved
significantly in the SBB medium, underscoring its potential as a viable alternative to Man Rogosa
Shape. Although L. plantarum exhibited robust growth in this formulation, overall acid production
and productivity remained inferior to MRS, which consistently promoted superior LAB growth.
This discrepancy underscores the necessity for further optimization of the soybean-beetroot
medium to enhance LAB proliferation and acid production effectively.

3.2. Fermentation
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Figure 45. Chemical analysis of the soybean and beetroot powder

This experiment involved the cultivation of three lactic acid bacteria, namely Lactobacillus
plantarum, Lactobacillus fermentum, and Enterococcus durans, in soybean and beetroot juice
individually, as well as in various synergistic formulations. The initial inoculum of all lactic acid
bacteria in fermented juices was calibrated at 10’ logs CFU/mL with optical density serving as an
indicator of bacterial growth and medium consumption (Figures 34, 35, 36). Multiple contrasts
were observed between soybean juice and beetroot juice, whether alone or with the mixed
formulation.

Beetroot juice alone exhibited the lowest growth among the three lactic acid strains throughout the
fermentation period. This may be attributed to its limited nutritional value and the high nutritional
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requirements of lactic acid bacteria, which are known to be fastidious in their trophic requirements.
Slightly improved bacterial growth was observed when beetroot juice was supplemented with meat
extract and yeast extract. These results are similar to those described by (Malik et al., 2019b).
They exhibited observable growth in L. plantarum, with a progressive increase in the number of
viable cells over time when beetroot juice was used as the fermentation substrate. This is further
supported by Wang et al., who successfully fermented beetroot-based media using lactic acid
bacteria, demonstrating that adequate nutritional supplementation is essential for the minimal
growth requirements of these microorganisms. (Wang et al., 2015)
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3.3. Kinetic Findings

Although MRS medium remains the gold standard for LAB cultivation, increasing interest in
sustainable alternatives has driven the development of plant-based media. This study highlights
the effectiveness of beetroot-based formulations in promoting LAB growth. Notably, beetroot juice
alone resulted in the highest maximum specific growth rate (umax) for L. plantarum (0.222 h[1'),
surpassing both MRS (0.154 h[1') and soybean-based media. This can be attributed to the
abundance of bioactive compounds present in beetroot, such as betalains and flavonoids, (Q. Zhang
et al., 2013) supporting findings that emphasize the potential of plant-derived media.(Pérez-
Alvarado et al., 2022)

Table 16.Growth parameters of the selected lactic strain cultivated in MRS and the medium

Qac (g/g.h) Productivity (g/L.h)

L.plantarum E.durans L. fermentum  L.plantarum E.durans L. fermentum
MRS! 1588+06 4.055+06  1.852%0.6 2100+0.8 2531+08 2100+0.38
BA? 0310+0.6 0.290+x0.6  0.320+0.6 0.155+0.8 0.145+0.8 0.160+0.8

SA3 0.316+0.6 0.336+0.6 0.327%0.6 0.030+0.8 0.025+0.8  0.027+0.8

BJ-
T80*

SBB°® 0.161+0.6 0.701+ 0.6 0.530+0.6 0.028 +0.8 0.029+0.8 0.028 +£0.8

1. Man, Rogosa, and Sharpe; 2: Beetroot alone; °: Soybean alone; *: SBB: Stands for soybean-beetroot blend; °: Beetroot juice without Tween 80.
The findings are shown as mean + standard deviation (SD).

Parameter

0.262 £ 0.6 0.536+ 0.6 0.430+0.6 0.043+0.8 0.061+0.8 0.062 + 0.8

Generational Time in Diffrent medium
12 -
u L. plantarum
10 = E.duran
H L.fermentum
8
=
g °
[
4
2
0
MRS BA SA BJ-T8O SBB
Medium
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Figure 49. Results of kinetic fermentation of different beetroots with lactic acid bacteria, including
MRS (Man, Rogosa and Sharpe), BA (beet alone), SA (soybean alone), SBB (soybean-beetroot

mixture) and BJ-T80 (beet juice without Tween

Table 1 summarizes kinetic parameters, showing that L. plantarum exhibited the fastest generation
time in beetroot juice alone (3.122 h), whereas the soybean-beetroot blend (SBB) formulation
emerged as the most efficient medium for E. durans (2.037 h), highlighting the advantage of
targeted nutrient supplementation. (Quinto et al., 2014) Although BJ-T80 exhibited slower growth,
it nonetheless supported LAB proliferation, indicating potential for further medium optimization.

Specific growth parameters (see Figure 5) also confirmed the superior performance of the SBB
formulation. For L. plantarum, SBB showed a pumax of 0.248 h{1! and a generation time of 2.79
hours, while BJ-T80 had lower growth and a higher generation time (umax of 0.061 h(1" and 11
hours, respectively), with MRS medium intermediate between these values (umax of 0.154 h(1!
and generation time of 4.5 hours). For E. durans, SBB markedly outperformed BJ-T80 (umax of
0.340 h[1" and generation time of 2.037 h), whereas MRS underperformed comparatively (umax
of 0.081 h[1'). Similarly, for L. fermentum, SBB again excelled (umax of 0.200 h(]'),
outperforming BJ-T80 (umax of 0.137 h[1') and significantly surpassing MRS medium, which
showed the lowest efficiency (umax of 0.100 h{1"). These results align with Baygut et al.> who
demonstrated that Lactobacillus acidophilus effectively fermented a soybean-based beverage,
achieving a viable cell count of 4.66 log CFU/g. Furthermore, our study emphasizes that
combining soybean and beetroot substrates promotes more effective LAB growth than either
component alone.

Our findings underscore the critical role of nutrient supplementation in enhancing LAB
performance. Adding nutrients to beetroot and soybean juices significantly boosted LAB growth,
particularly in BJ-T80 and SBB formulations compared to individual substrates alone. These
observations corroborate Raczyk et al, who reported that tailored supplements enhance LAB
fermentation dynamics. Moreover, Sawatari et al. demonstrated that additives like Tween 80
enhance microbial growth in vegetable juices, which was evident in the BJ-T80 formulation.
However, even with supplementation, BJ-T80 did not surpass MRS performance, consistent with
Sawatari et al. Overall, these findings affirm that optimized beetroot and soybean-based media
offer promising eco-friendly alternatives to conventional Man Rogosa Sharpe media, contributing
to ongoing efforts to develop sustainable, cost-effective solutions for LAB cultivation in
fermentation industries.

3.4. Productivity and QAC

The analysis of acid production rate (Qac) and productivity for selected LAB strains in MRS,
beetroot juice-based (BJ-based), and soybean-beetroot blend (SBB) media revealed notable
differences (Table 1). MRS medium consistently exhibited superior performance, achieving the
highest Qac (1.588 g/g-h for L. plantarum) and productivity (2.10 g/L-h), confirming its
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established efficiency in LAB cultivation.!! Conversely, beetroot alone (BA) and soybean alone
(SA) showed significantly lower Qac values (0.310 and 0.316 g/g-h, respectively) and reduced
productivity, highlighting their limited capability to support high acid production.

Introducing additives into BJ-T80 slightly improved performance, particularly for L. plantarum
and E. durans, although these enhancements still did not match the performance of MRS. This
finding aligns with Quinto et al. who observed that additives could enhance LAB growth but
typically yield inferior results compared to traditional media. SBB medium demonstrated better
outcomes, particularly for E. durans (Qac of 0.701 g/g-h, productivity of 0.029 g/L-h),
underscoring the potential of plant-based media when supplemented with appropriate nutrients.

Specifically, for L. plantarum, SBB yielded moderate parameters (Qac of 0.161 g/g-h, productivity
0f'0.028 g/L-h), while BJ-T80 showed improved values (Qac of 0.262 g/g-h, productivity of 0.043
g/L-h); however, MRS still outperformed both. For E. durans, BJ-T80 exhibited lower Qac (0.536
g/g-h) but higher productivity (0.061 g/L-h), whereas MRS had the highest performance (Qac of
4.055 g/g-h, productivity of 2.531 g/L-h). Likewise, for L. fermentum, SBB recorded a Qac of
0.530 g/g-h and productivity of 0.028 g/L-h, whereas BJ-T80 demonstrated lower Qac (0.430
g/g-h) but higher productivity (0.062 g/L-h), with MRS remaining superior (Qac of 1.852 g/g-h,
productivity of 2.100 g/L-h).

These findings highlight the necessity for further optimization of plant-based media to achieve
improved acid production and productivity, challenging the prevailing view that MRS universally
provides optimal conditions.

3.5. HPLC Results

The HPLC analysis emphasizes the distinct roles of these bioactive compounds in LAB metabolic
activities. Benzoic acid, though inhibitory at elevated concentrations, was present at LAB-tolerable
levels, maintaining medium stability without negatively impacting growth. Gallic acid functions
as a protective agent, enhancing bacterial resilience under oxidative stress conditions and
promoting survival during metabolism. Similarly, quercetin aids bacterial survival in oxidative
environments, indirectly supporting growth. Trans-cinnamic acid stimulates adaptive metabolic
responses at low concentrations, potentially improving LAB metabolic flexibility, although careful
control of concentration is necessary to prevent inhibition.

These findings underscore the critical role of phenolic acids and flavonoids in optimized plant-
based media formulations. While the significant presence of these compounds contrasts with
reports of their inhibitory effects on specific LAB strains, the data indicate that controlled
concentrations and compositions in SBB media can beneficially modulate LAB growth and
metabolic activity.
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Figure 50. Compounds present in the SBB medium: (a) retention time; (b) quantities.

3.6. High-Performance Liquid Chromatography

Figure 6 presents the growth parameters of selected LAB strains cultivated in MRS and SBB
media, highlighting the correlation between key bioactive compounds and their concentrations.
Calibration curves for benzoic acid, gallic acid, quercetin, and trans-cinnamic acid showed strong
correlations (1* values ranging from 0.99962 to 0.99998), confirming accurate quantification of
these compounds. Figure 7 displays the HPLC chromatogram, revealing four significant peaks
corresponding to these compounds. Quercetin exhibited the highest concentration (47.629 ppm)
with a retention time of 47.6 minutes, indicating its predominant role in LAB growth regulation.
Gallic acid and benzoic acid were present in lower concentrations (5.912 ppm and 76.313 ppm,
respectively), yet still demonstrated strong correlations, suggesting their involvement in
modulating LAB metabolism. Trans-cinnamic acid, detected at 7.207 ppm, aligns with its
recognized influence on bacterial growth.
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Figure 51.The HPLC chromatograms of the medium soybean beetroot blend (SBB) medium, where: (1)
Quercetin; (2) t-Cinnamic Acid; (3) Gallic Acid; (4) Benzoic Acid.
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Figure 52. The HPLC chromatograms of the medium soybean beetroot blend (CBB) medium
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3.7. Agar plate growth

The agar plate culture of the lactic acid bacteria displayed clearly distinguishable colonies, evenly
distributed and easily enumerable. Consistent colony morphology and uniform sizes indicate
bacterial purity and optimal growth conditions. The colonies were mostly white or milky white,
with a round shape, neat edges, and a moist, smooth surface.

Although MRS medium consistently supports the best performance across all LAB strains, our
findings demonstrate that our plant-based media, composed of beetroot and soybean, especially
when supplemented with appropriate additives, have the potential to substitute or supplement
conventional media like MRS. '8 4 40 Fyrther optimization of these plant-based formulations
could lead to more sustainable, cost-effective, and eco-friendly alternatives for LAB cultivation in
various biotechnological applications. **** These results underscore the clear advantages of MRS
medium for acid production and productivity. However, the SBB medium was found to be the most
favorable for bacterial growth, followed by BJ-T80, demonstrating that soybean extract could
replace Tween 80 while still enhancing LAB growth. This suggests that with further optimization,
plant-based formulations could serve as cost-effective and sustainable alternatives to MRS for
LAB growth

Table 17. Growth result of the formulated medium, which showed lactic acid bacterial growth.

Medium Cultural aspect

L.plantarum E. durans L. Fermentum

BJ-T80?
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SBB?

IMRS: Man, Rogosa and Sharpe; 2BJ-T80: Beetroot juice auditioned with Tween 80; *SBB: Soybean beetroot blend

3.8. Results of the selectivity test

Table 18. Results of the selectivity test for the chosen medium

24 h 72h
S. Aureus E. coli S. Aureus E. coli
MRS - - - -
BJFA-MS - - - -
CBB - - - -

Table 19. Aspects of the selectivity teste on the following medium ; BJFA-MS: Beetroot Fixd
Additive Manganese Sulfate, CBB: Carob Beetroot Blend SBB: Soybean Beetroot Blend
72 h

S. Aureus E. coli

MRS
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BJFA-MS

CBB

SBB

The selectivity of Man, Sharpe, and de Rogosa (MRS) medium is principally ascribed to the
controlled chemical composition of ammonium citrate, as well as magnesium sulfate, which
regulates metal ions availability and enzyme activities(Li et al., 2019). Ammonium citrate
functions as a chelating agent and metabolic substrate, and it complexes divalent cations (Fe?[],
Ca?[], and Mg?[]) and hence limits the availability of these ions to bacteria that rely on these ions
for membrane stability and enzyme function, like Staphylococcus aureus and Escherichia coli.
However, some homolactic fermenting bacteria, such as lactic acid bacteria (LAB) broadly
utilizing these ions efficiently via well-described transport systems, have a physiological
advantage due to their ability to also metabolize citrate through the citrate-oxaloacetate-pyruvate
pathway. Magnesium sulfate provides key cofactors for LAB enzymatic reactions but keep
concentrations below an optimal level for many other bacteria. Together with sodium acetate and
the low intrinsic pH of the medium, these components establish an environment that promotes
acidophilic, fermentative organisms but inhibits neutralophilic pathogens.

In contrast, CBB, SBB, and BJFAMS show similar selective effects via natural and functional
analogues of these compounds. Selectivity from CBB can be originates from polyphenols and
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tannins from carob and beetrot, which cause oxidative stress and inihibit cell wall sythesis in S.
aureus and E. coli respectively but the organic acids and sugars from the beetroot promote
fermentative growth. The wealth of abundant amino acids and isoflavones from soybeans helps to
promote LAB metabolic capacity, and further suppress pathogens by mild phenolic toxicity and
acid stress (SBB). BJFAMS, containing manganese sulfate, increases oxidative stress tolerance of
LAB, as manganese-dependent enzymes including superoxide dismutase are upregulated, while it
causes metal homeostasis disruption in E. coli and S. aureus that depend on more stringent Mg?[]
and Fe?[ ] homeostasis.

Thus, the selective characteristic of these media emerges from the synergistic action of
physicochemical constraints and metabolic benefits. Chelating agents, scarcity of divalent cations,
organic acids, and phenolic compounds form an ecological niche favourable to acid-tolerant,
microaerophilic fermenters while inflicting ionic stress, oxidative imbalance, and membrane
destabilization in non-target bacteria. As a result, the classical MRS formulation and the beetroot-
based media present selective antimicrobial activity on luminal Staphylococcus aureus and
Escherichia coli, showing how the ion balance and acidity, as well as natural antimicrobials, can
be used to promote the establishment of beneficial microbiota over pathogens.

Table 20.Summery Results of kinetics fermentation of this thesis different formulation with the lactic acid

bacteria

pmax (h) Generation time G (h)
Fermentations

L. E. L. L. E. L.
Media

plantarum  durans  fermentum plantarum  durans  fermentum
MRS ! 0.0138 0.0276  0.0242 50.22 25.11 28.64
Beetroot alone 0.030 0.091 0.044 23.10 07.61 15.75
BJFA? 0.035 0.060 0.039 19.80 11.55 17.77
BJFA-MS? 0.015 0.073 0.036 46.21 9.49 19.25
BIJFA-MG* 0.014 0.112 0.031 49.51 6.19 22.36
BJFA-AS® 0.032 0.077 0.049 21.66 9.00 14.14
BJFA-ZOS 0.010 0.109 0.009 69.31 6.36 77.01
BJFA-CA’ 0.043 0.081 0.022 16.12 8.56 31.50

125



Part 2 Results and Discussion
X

BJFA-PP? 0.032 0.031 0.025 21.66 22.36 27.72
CA’ 0.139 0.115 0.131 4.978 6.017 5.303
BJp'® 0.061 0.097 0.137 11.35 7.163 5.076
CBB!! 0.251 0.19 0.275 2.76 3.639 2.524
SA!? 0.316 0.336 0.327 0.030 0.025 0.027
BJ-T80"? 0.262 0.536 0.430 0.043 0.061 0.062
SBB5' 0.161 0.701 0.530 0.028 0.029 0.028

1: MRS: Man de Rogosa Sharp, 2: Beetroot Juice Fixed Additives; 3:, SM: sulphate manganese, 4: sulphate
Magnesium Sulfate, 5: Acetate Sodium, 6: Zinc oxide, 7: Citrate Ammonium, §: phosphate dipotassium; 9: Carrob
Alone; 10: Beetroot juice peptone; 11: Carroub Beetroot Blend ; 12: Soybean Alone; 13: Beetroot Juice and Tween
80; 14: Soybean Beetroot Blend

Table 21. Summery Results of kinetics fermentation of this thesis different formulation with the lactic

acid bacteria

Q acid(h-1) Productivity (h)
Fermentations L E. L L E. L

plantarum durans  fermentum plantarum  durans  fermentum
Media
MRS 1 1.588 4.055 1.852 2.1 2.531 2.1
Beetroot alone 0.31 0.29 0.32 0.155 0.14 0.16
BJFA-MS2 1.845 3.819 4.051 1.7 1.867 1.8
CA3 0.296 0.573 0.378 0.034 0.025 1.282
BJP4 0.305 0.434 0.424 0.062 0.031 0.062
CBB5 0.211 0.321 0.378 1.129 1.355 1.282
SA6 0.316 0.336 0.327 0.03 0.025 0.027
BJ-T807 0.262 0.536 0.43 0.043 0.061 0.062
SBBS 0.161 0.701 0.53 0.028 0.029 0.028
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1: MRS: Man de Rogosa Sharp, 2: Beetroot Juice Fixed Additives sulphate manganese, 3:Carrob Alone; 4: Beetroot
juice peptone; 5: Carroub Beetroot Blend ; 6: Soybean Alone;7: Beetroot Juice and Tween 80; 8: Soybean Beetroot
Blend

General discussion

Our choices of plants were in an endeavor toward making a holistic and complete medium that
utilized the best of the plant and satisfied the trophic profile of the lactic acid bacteria and the base

of our choice is illustrated in table 20

Table 22. Justification of Choosing Criteria for the plants

Criteria Beetroot Carob Soybean
High in sugars o ) .
Rich in polysaccharides, Good source of protein,
Nutritional (sucrose, glucose),
sugars, flavonoids, essential amino acids,
Content betalains, phenolic
) tannins oligosaccharides
acids

Proteinic and amino acid

Main usage as a source of base
As source of Sugar )
role Polysaccharide +
Replacement of T80
o Locally grown in Abundantly available in Currently severql Areas
Availability ) . o )
Mascara Algeria Cultivated it in Algeria
Economic Cost-effective and Economically viable with ~ Cost-efficient with extensive
Viability widely available underutilized potential agricultural support

First, Beetroot juice alone was tested and successfully supported LAB growth but only to a limited
degree in the fermentation period, due to its insufficient nutritional profile and its inadequacy as a
stand-alone medium for the tropically demanding LAB. Significantly higher growth was observed
when beetroot juice was supplemented with add-in namely : meat extract, yeast extract, peptone,
and Tween 80, indicating that nutrient enrichment markedly enhances bacterial development, thus,
opening the path of modifying and enhancing the base of beetroot juice by other add-ins. The add-
ins were chosen based on reverse engineering from the one proven in MRS medium (satisfying
the requirement of suitability and selectivity) and all have a function in the medium (Table 21) .

Magnesium sulfate, Ammonium citrate and di-potassium phosphate further improved growth,
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though still at levels below those obtained with the standard MRS medium. Notably, the BJFA-

MS (Manganese Sulfate) formulation achieved growth patterns nearing the MRS.

Table 23. Key Selective Components used in Beetroot formulation medium.

Role in Mechanistic Explanation
Component L
Selectivity
Citrate complexes with metal ions (especially Fe2* |
Caz* , Mg?" ) and limits their availability.
Gram-negative bacteria such as E. coli depend more on
freely available divalent cations for membrane
_ Chelating and stabilization (especially Mg?* and Ca%* ).
Amf“"”'“m metabolic L . .
citrate selectivity Lactic aC|d_ bacteria tolerqte lower free cation
concentrations due to their adapted transport systems.
Citrate also supports lactobacilli metabolism through the
citrate fermentation pathway
(citrates — oxaloacetate — pyruvate), providing growth
advantage.
Mg?* is an essential cofactor for many enzymes,
including DNA polymerases and kinases.

MZ%?f?tI:m scé?(;(t?i(\;/ti?; La}c_tic gcid bacteria have efficient Mg uptake_ and
utilization systems; suboptimal Mg?* levels in MRS are
balanced for them but often below what Staphylococcus
aureus or E. coli require for optimal growth.

Inhibits many Gram-negative bacteria and some Gram-
positives by diffusing through membranes and
Sodium acetate Inhibitory acidifying cytoplasm.
compound

Lactic acid bacteria are relatively tolerant due to active
acetate metabolism.

Low pH (=5.5- Environmental
6.0) selectivity

Acidic pH suppresses E. coli and S. aureus but allows
acidophilic lactobacilli.

Second, we moved further in the path to enhance the base medium of beetroot juice by utilizing
another powerhouse plant rich with nutriment in an attempt to compensate the yeast extract and

peptone supplementation to a certain degree or even replace them definitely. Growth performance
and productivity analyses revealed that CBB (Carob Beetroot Blend) exhibited the high growth
rates for L. plantarum (0.251 h(1') and L. fermentum (0.275 h[1'), surpassing the one of MRS
medium, making CBB as an effective medium for LAB cultivation. this result contrasted to the
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one of BJFA-MS with The generation, specific acid production rates and productivity were scored
better in CBB, in contrast to MRS And BJFA-MS highlighting its potential.

this indicates that Carob addition enhances the formulation from Beetroot and made LAB
metabolism function better (Liu et al., 2016). This combination promoted superior growth and
production, reducing the need for peptone supplementation.

Third, we moved further in the path to enhance the base medium after the positive results by the
Carob addition and the replacement of Peptone usage. We moved further to replacing other critical
component which are Meat extract and Tween 80 by utilizing another plant rich in various
nutriments. Soybean (Glycine max) is a highly nutritious legume with more than nine amino acids
recorded in its composition and contain phytosterols and lecithin which has the emulsifying aspect
similar to Tween 80 (Lederberg, 1965). Soybean Extract contains a complex mixture of proteins,
lipids (including linoleic acid and oleic acid), carbohydrates, and other bioactive compounds(Ayu
et al., 2023). The lipids in soybean extract, especially linoleic acid, are valuable fatty acids that
LAB may use for growth, On the other hand, Tween 80 is designed to emulsify hydrophobic
compounds, facilitating LAB’s access to oils like oleic acid, which is more readily bioavailable in
Tween 80 compared to simpler fatty acids such as linoleic acid in soybean extract (Reitermayer et
al., 2018)(Vignolo et al., 1995). refere to Table 22. Our study demonstrates that our formulation
namely Soybean-Beetroot blend (SBB) supports Lactic acid bacteria growth in a comparable to
the MRS medium. Although L. plantarum exhibited robust growth in this formulation, overall acid
production and productivity remained inferior to MRS. This discrepancy underscores the necessity
for further optimization of the soybean-beetroot medium to enhance LAB proliferation and acid
production effectively.

Table 24.Comparison in amino acid profile of Soybean and Meat extract

Amino Acid Soybean Extract Meat
Extract
Alanine Present Present
Arginine Present Present
Aspartic Acid Present Present
Cysteine Present Present
Glutamic Acid Present Present
Glutamine Present Present
Glycine Present Present
Histidine Present Present
Isoleucine Present Present
Leucine Present Present
Lysine Present Present
Methionine Present Present
Phenylalanine Present Present
Proline Present Present
Serine Present Present
Threonine Present Present
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Tryptophan Present Present
Tyrosine Present Present
Valine Present Present
B12-dependent Absent Present
amino acids
(Boateng et al., (Ramin
2023) Jorfi, 2012)

This table provides a simplified comparison of amino acids present in both Soybean and Meat
Extract, they are similar in the majority and provide full amino acid needed by LAB growth. The
notable disarray is that B12-dependent amino acids (those associated with cobalamin) are absent
in soybean extract but present in meat extract. This component is required for the growth of
fastidious LAB, especially those that rely on medium bioavailable B12 for coenzyme synthesis
and other metabolic functions.

Fourth, pigments such as carotenoids and betalains are mentioned to be sensitive to low pH values.
However, betalains show higher stability at low pH compared to carotenoids (Jackson, 2020;
Marszatek et al., 2021; Sajjad et al., 2020) This could be due to the hydrolyzation process where
glucose is obtained from betanin, which is a glycoside, and glucose and betanidin are created and
since these LAB strains can use this glucose and betanidin as a sugar source (Esteves et al., 2018)

Regarding the discoloration of the medium, Lactic acid bacteria (LAB) has the ability to degrade
betalain pigments, such as betacyanins and betaxanthins, present in beetroot through specific
enzymatic activities. The key enzymes involved in the degradation of betalains by LAB include:

1. Betanase (Betacyanin dehydrogenase): This enzyme catalyzes the breakdown of
betacyanins (the red pigments in beetroot) converting it into non-pigmented products such
as betalamic acid. Betanase has not been fully identified in LAB strains(Wang et al., 2019).

2. Polyphenol oxidases (PPQO): certain LAB strains namely L. plantarum possess
polyphenol oxidases, which can oxidize phenolic compounds and might assist in the
breakdown of betalain pigments through a more indirect pathway (Lepecka et al., 2024).

3. B-glucosidase: This enzyme hydrolyzes the glycosidic bonds in the betalain molecules,
breaking them down into simpler forms, although its role in betalain degradation is less
pronounced than betanase (Nemet et al., 2017).
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3.8.1. Contrasting with other research related to MRS and modified version

Numerous modified MRS (de Man, Rogosa and Sharpe) media have been developed to meet

specific growth and selectivity needs of lactic acid bacteria (LAB).

e Low-cost modified MRS (mMMRS): This formulation has a simplified composition
containing glucose, yeast extract, dipotassium phosphate, manganese sulfate
monohydrate, Tween 80, and anhydrous sodium acetate. It is designed to increase
bacteriocin production efficiency while reducing medium cost.

e Tomato based medium: Yoon KY et al. (2004) demonstrated tomato juice can serve as a
raw material for probiotic juice production by several LAB strains (L. acidophilus,
L. plantarum, L. casei, and L. delbrueckii). Fermentation lowered pH and achieved
viable cell counts up to 10° CFU/m.

o we cite the works of Abdel-Malek et al 2007 has been involved in research related
to lactic acid bacteria (LAB) and tomato. One relevant study reports the isolation
and evaluation of LAB strains fermented in a tomato based medium.

e Soytone medium: A plant-based medium derived from soy protein components designed
to replace animal-derived peptones and extracts in classic MRS for cost-effective
high-density cultivation of Lactobacillaceae. It optimizes nitrogen and carbon
sources from plants to maximize biomass .(Jona et al., 2025) . Positive growth was
reported on this medium for , L. crispatus L. crispatus. The latter was 45% higher
than when cultivated in MRS Broth (Jona et al., 2025).

These formulations exemplify common strategies for adjusting MRS components to optimize LAB
growth, enhance selectivity, and improve metabolite production, with exact compositions
depending on experimental objectives and target organisms. While our approach aims to provide
a medium that similar in potential and different in composition with ;ore available and affordable

alternatives.
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Conclusion

This study provides compelling evidence for the viability of plant-based media as a potential
alternative for the traditional Man de Sharp Rogosa medium an in-depth contrasting between the
proposed medium and the MRS, through fermentation by pH, acidity and Optical density follow-
up and the monitoring of the Kinetic parameters, namely: the maximum specific growth rate
(umax), generation time (G), acid production rate (Qac) and productivity (g/L/h). Through a
comprehensive examination of beetroot-based media (BJFA-MS), including formulations
enhanced with Carob (CBB), Soybean (SBB), we have demonstrated significant advancements in
microbial growth and metabolic activity. These formulations namely BJFA-MS, CBB and SBB
showing comparable or in certain cases superior growth rates to MRS, particularly for strains such
as Lactobacillus plantarum, Lactobacillus fermentum and Enterococcus durans.

While beetroot juice alone showed limitations due to its inadequate nutritional profile, the
incorporation of essential nutrients and minerals like manganese sulfate in BIFA-MS significantly
enhanced bacterial growth. Moreover, the addition of Carob and soybean in separate manner to
beetroot formulation and contrast the result with the stand alone medium led to showcasing the
further improvements results, with the CBB medium outperforming MRS in terms of growth rates
and acid production. While The SBB medium also exhibited strong performance, particularly for
L. plantarum. The HPLC analysis of phenolic compounds in CBB, SBB mediums indicated that
benzoic acid, gallic acid, quercetin, and trans-cinnamic acid presence could have significantly
influenced LAB growth, further validating the beneficial properties of these compounds in
optimizing microbial media.

In conclusion, the study underscores the potential of plant-based media, particularly beetroot-
derived formulations as eco-friendly, nutritionally balanced and efficient alternatives to MRS.
These findings not only contribute to the development of sustainable and environmentally friendly
microbiological media but also pave the way for future research into plant-based substrates in
biotechnological applications. By offering a practical solution for cost-effective and sustainable
LAB cultivation, this research highlights the promise of integrating natural resources into modern
fermentation processes, with significant implications for food biotechnology and microbial
research.
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Usage indication

This medium offers a cost-effective alternative to the MRS medium for the repropagation and general
inoculation of lactic acid bacteria, supported by its favorable interaction with bacterial components. It
provides optimal growth conditions without the extensive use of MRS, making it suitable for routine
inoculation and microbial culture propagation. While the current state of knowledge highlights its
effectiveness, ongoing studies on further characterization and enhanced selectivity may reveal additional
perspectives and applications, potentially refine its role and increase its specificity for various bacterial
strains.

Limitations of the Study

While this study provides promising insights into the potential of plant-based media, particularly beetroot-
derived formulations as alternatives for Lactic Acid Bacteria (LAB) cultivation, several limitations must be
addressed in future research :

1. Nutrient Variability: The quality and nutrient composition of plant-based materials such as
beetroot, carob, and soybean can vary based on geographic location, cultivation methods, and
environmental factors. This variability may impact the reproducibility and consistency of results
across different batches or regions, limiting the scalability of the proposed media for industrial use.

2. Optimization for Specific Strains: While formulations like BJFA-MS and CBB showed promise,
some LAB strains, especially Lactobacillus plantarum and Lactobacillus fermentum, exhibited
differences in their growth kinetics across the media. This variability suggests that further
optimization is needed to tailor the media for specific strains and improve performance for
industrial fermentation requirements.

3. Lack of Long-Term Stability Testing: The study did not explore the long-term stability of
beetroot-based media in industrial-scale fermentation. Understanding the shelf-life and storage
conditions of these plant-derived media is crucial for their practical applications in the food and
biotechnology industries.

4. Laboratory-Scale Limitations: The experiments were conducted on a small scale under controlled
laboratory conditions. The scalability and industrial reproducibility of the medium formulations
remain untested, which may present challenges in real-world applications where process conditions
vary significantly. Further studies should focus on large-scale fermentation trials to evaluate the
performance of these formulations in more dynamic industrial environments.

Perspectives for Future Research

Despite the aforementioned limitations, this study opens several avenues for future research to
further enhance the sustainability and efficiency of plant-based media for LAB cultivation:

1. Comprehensive Nutrient Profiling: Future studies could focus on identifying the specific
nutrients required for optimal LAB growth in beetroot-based media. Advanced nutrient
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profiling and the addition of targeted supplements could help refine formulations and
improve their performance across different LAB strains.

2. Formulation Optimization: To address the limitations of acid production, future research
could focus on optimizing beetroot-based formulations by exploring additional plant-based
additives, such as prebiotics or oligosaccharides, to boost LAB metabolism and enhance
acid production efficiency.

3. Microbial Strain-Specific Media Development: Given that different LAB strains
exhibited varying growth performances, further studies could explore strain-specific
medium optimization. This would involve tailoring media to the particular nutritional
requirements of each strain, thus improving overall microbial growth and productivity.

4. Large-Scale and Industrial Testing: Future work should focus on scaling up the
promising formulations from laboratory conditions to larger industrial fermentation
systems. This would involve assessing the performance of beetroot-based media in
bioreactors, evaluating long-term stability, and determining the feasibility of these media
for large-scale production.

5. Environmental and Economic Impact: A broader perspective on the environmental and
economic impacts of switching to plant-based media is necessary. Future research could
quantify the cost savings, energy efficiency, and environmental benefits of using beetroot-
derived media compared to traditional synthetic alternatives like MRS.

6. Exploring Other Plant-Based Substrates: While beetroot has shown promise, exploring
a wider range of plant-based substrates (such as other root vegetables or fruit juices) in
combination with beetroot could lead to new, more effective, and environmentally friendly
alternatives for LAB cultivation. Testing these alternatives across various LAB strains
could further diversify and optimize microbial cultivation media.
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Abstract

This preliminary stady investigates the feasibility of utilizing Algerian beetroot as a sustainable alternative to commercial
Man-de-Rogosa Sharp Agar (MRS) for cultivating lactic acid bacteria. The research explores the optimization of micro-
bial media formulations incorporating beetroot powder and assesses is efficacy in supporting the growth of Lactobacillus
plantarum, Lactobacillus fermentum, and Emterococcus durans. Methodologically, vegetal samples were harvesied and
dried, bacterial strains prepared, and phytochemical analyses conducted. Titratable acidity and sogar content in the beet-
bazed medium were measured, revealing pH 3.5, 13% tirratable acidity, and 67 g/l sugar content. Resulis indicate that
while beetroot juice alone exhibited limited bacterial growth dwe o its inadequate nuritional properties, formulations
incorporating additves such as magneshmm sulfare, smmonnon sulfare, and di-potassium phosphate showed mproved
growth. Parmicularly, the formulation “BIFA-SM™ (with manganese sulfate) demonstrated comparable growih o MRS,
with reduced generation fimes for L. fermentum and E. durans. Additionally, the disappearance of betalain pigment from
beetrooi-based media indicates successful bacterial growth. Agar plaie testing has revealed similar macroscopic charae-
teristics and cell counts to the MRS medium indicating the potential of beetrooi-based media as a sustainable substiate
for traditional growth media. Finally, the BIFA-MS medium showed superior growth for L. plantarum, E. durans, and L.
fermentum compared to MBS, with faster growth rates. However, it exhibited lower acid production efficiency than MRS,
This study underscores the viability of bestroot-derived formmilations a5 eco-friendly alternatives for cultvating lactc acid
bacicria, with implications for sustainable microbiology reseanch and bistechnological applications.
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Introduction

The complex relatonship betwesn the environment and
human health has gained censiderable attention in recent
vears, leading to 3 oansition towards sustainsble practices
and the expleration of nammal altenatives AcToss Various
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in sustainable alternatives o synthetic LAB growth media,
driven by environmentsal concerns and an increasing prefer-
ence for microbiota-rich foods (Mokoena 200 7). A compel-
ling option in this realm is the utilization of beetroot (Bem
vrigmis) as a growth mediom. Beetroot is widely reoog-
nized for its nutritional richness and abundance of bioactive
compounds, making it a promising natural and sustainable
subsirate for prometng Lacrobaciiiis growth. Our research
aims to uncover the untapped potential of red bestroot as
3 camier for probiotics snd a natural growth medivm for
Laciobacillus strains. By leveraging the nutritbonal com-
ponents inherent in bestroot, swch as sngars, vitamins, and
phytochernicals, our formulation aniicipates enhancing the
growth and metabalic activities of Lactobacillus. The smudy
encompasses 3 comprehensive assessmment, ranging from
the selection of Lactobacillus strains snd the preparation of
beproot mednon to culivation experiments and the evalu-
ation of growth kinetics and lactic acid production {'Wang
et al. 202 1) Through this exploration, we aim to contrib-
ute o the expanding field of namral-based bioprocessing by
providing insighes into sustainable smategies for improving
LAB cultivation. The overarching goal s to lay the grownd-
waork for the advancement of inventive functional foods,
probiotics, and envirommentally sustaimable microbial sup-
plements. In doing so, our work aligns with the broader shift
towards environmentally comscious praciices and the pur-
suit of healthier, sustainable aliernatives (Souza et al. 2005 ).

Materials and methods

Harvesting and drying procedure of vegetal
samples

The beet pulps vere provided fom a local farm in the norih-
west region of Mascara, Algeria. The beets were meticu-
lously cleaned allowing remwoval of aoy residusl soil, and
the leafy poriion was selectvely mimmed to retzin solely
the root section for preservation. Aftierward, segments of
reeiroot pulp are peeled and g proumd then lefi to debydrate
naturally in atmospheric temperature. The dehydrated grind
bectroot is then turmed into powder and stocked.

Bacterial strains and culture conditions

Three Lactic acid bacteria stwains, namely: Lacrebacil-
Tz planrarum  (JCMIISE)  Laoctobacillus  fermanimm
(NBRCI58835), and Entemocaccns durans (JOMET25) wera
selected for this siudy (Oussama et al. 2023), The bacte-
rial strains were obfined from a reputable culure col-
lection and were stored at —80 *C in glycerol stocks. For
cultivation purpeses, the soains undernent oo successive
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propagations in a suitable growth medivem (MBS broth) at
17 °C for 24 hours.

Phytochemicals analyses In this study, 100 g of dried beci-
root powder was finely ground o a uniform particle size.
The sample was then subjecied to conventional laboratony
analyses o determine its nuiritional compoesition. Calibra-
tion standards for each puiritional componeni—iotal swgsr,
profein, moisture content, fai percentage, fiber content,
and humidity—wers prepared according o established
profocols. These standards were analyzed using relevant
analytical technigues, including but not limited to spec-
trophotometric methods, Ejeldahl nitrogen determination,
Soxhlet exraction for fat content, and gravimetric methods
for moisiure and fiber analysis. For moisture content deter-
mination a drying oven method was nsed, with the sampla
placed in a pre-weighed container and heated at 105 *C until
a constant weight was achieved. Total sugar content was
assessed using a phenol-sulfuric acid method, while protein
content was determined via the Kjeldahl method. Fiber con-
tent was analyzed by the detergent method (acid-detergent
fiber, newtral-detergent fiber), and fat content was quanti-
fied through Soxhlet extraction with petroleum ether. Each
analbysis was perfonmed in iriplicate to ensure the acouracy
and repeatability of results (Ingle et al. 2017; Oalora et al.
2020; Shi et al. 20215

Titratable acidity

This procedure orvolves tirating an acidic sohition with a
kncam concentration of basic solution to determing tiiratable
acidiny. Titratable acidity reflects the quantity of acid pres-
et in the sarmple and is expressed in terms of concentration.
By adding a base solution (NalOH) to 20 ml of juice con-
taming an acid-base indicator, the solufion's color change is
observed until it becomes permanent. The residual acidity
i determined by measuring the volume of MalOH used, tak-
g inio acoount its concentration, and subsequently mulii-
plying 1o ascertain the concentration of doamabls acidiry in
100 ml of juice.

Total sugar assay procedure

A phenol-sulfuric acid method was employed o quamtify
total sugars in beet juice. Firstly, & sugar assay reagent solu-
ton was prepared following the mamufscnmer’s instuc-
tions. Subsequently, 10 ml of bect juice was ransferred
using a pipette inte & 50 ml beaker and then diluted with
distilled water to resch a fimal volume of 30 ml. Using a
graduated burette, | B sodium hydroxide (NaOH) solution
was prepared. The beaker containing the baet juice mixiure
was heated to boiling using a water bath. Following that,
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the sugar assay reagent solubon was metculously added
drop by drop to the beaker, with continuous stirring. The
resultani-colored compound was quantified w ascertain the
total sugar content.

Inoculum Preparation

To reanimate preserved swains, a dedicated culiure mediom
tailored 1o each strain is prepared. The frozen strain is swifily
thawed by immersing it in a 37 °C water bath until com-
pleie thawing is achieved. Subsequently, the thawed strain
is wansfemred o the prepared culnore medinm wsing a sterile
inoculation loop. The wbes or flasks conaining the inocu-
lated soains are then incubared ar the recommendad temper-
ature for each specific strain (33 %C 10 37 °C for laciobacilli,
37 %0 to 40 °C for enterococci). During the incubation
perisd, the growth of bacterial cobonies is monitored. Onee
completed, the bacteria are wransferred wo a gelatinous MBS
culiure medivum to continee with experimental procedures.

Beetroot-formulated media fermentation

In the methodological framework of our research on the
conceptualization of a bectroot-based mediom as a poten-
tial alternative to the MRS medium for cultivating lactic
acid actenia, 3 systematc series of experiments as con-
ducted. The sudy progressed through distinet phases, starn-
ing with an examinaton of the standalone effects of beetroot
Juice. Subseqguently, fixed additives, including meat exiract,
yedst exiract, pepione, and threonine, were inmoduoced o
ageess synergistic effects. Finally, the experimental scope
expanded o include the integration of specific chemical
agents: Magnegium sulfate, Manganese solfate, Sodium
acetate, Ammonium citrate, di-potassium phosphate, and
zime oxide into the beetroot and additive mix. This compre-
hemsive spproach aimed to umravel the inmicate dynamics
armong these components, offering insighis info the viability
of the mednmn derived from beetroot to facilitate the prowth
of lactic acid bacteria. With implications for replacing the
comentional MES medium.

Colorimetric analysis of fermentation chosen
medium

The color analysis of the juices made in this siudy involved
the wtilization of a LICO&M spectrophotometer to conduct
colorimeoic analysis, aimed at assessing the grovrth dynarn-
ics of thres lactic acid bacteria swains: Lecrabaciifnz plan-
rarum, Lacrobaciliuz fermaniion, and Enferococols dlirans.
Culiures were incubaied under conirolled conditions, and
samples were extracted at 0,12 and 24 h. The colorirm-
eter analysis of the beetoot mednon—+sulfate manganess

invoculated with bacrerial culnmres was measured using
the LICOHM0 spectrophotometer, providing a quantitative
assessment of grovih based on changes in color mtensity
over the specified time intervals. Collected data, compris-
mg absorbance readings for each bacterial sain at each
time point, were subjected 1o statistical analysis w identify
patierns and variations in growth profiles. This methodol-
gV ensures 3 comprehensive understandmg of the growth
dynamics of the specified lactic acid bacieria strains over
the investigated periods.

Selection of BJFA-MS5 and Fermentation
Comparative Analysis

The comparatve analysis of fermenration berwesen the
BIFA-MS and MES mediums mvolved fermenting selected
lactic acid bacteria sirains m both medinms while monitor-
ing acidiry, pH, and optical density throughout the ferrmenia-
tion process. Parameters assegsed included pmax (maximal
growth specific spead), G (generation time), and Crac. {acid
production speed), and productivity (g/L.h), represent-
g the quantity of acid produced per hour. Fermentation
experimenis wele conducted umder conmolled conditions,
with samples collected at regular intervals for analysis. The
obtainmd data were then subjected to statistical analysis to
clucidate differences and similarities between the two medi-
ums in supporting bacterial growth and acid production.

Testing growth on agar plates

To prepare the growth media we start by fenmenting sub-
stapces. MNext, we dissolve 42 mg of Agar-Agar powder in
230 ml of water. Sterilize it through awoclaving at 121 °C
for 13 min. Afier cooling it down to 42 *C we enhance the
solution, with 250 ml of Broth (in our case Beetroot broth)
along with fixed additives such as Meatexiract Yeast exiract,
Tweeen 20, and Peptone. Once the medium is evenly mixed
wi pour it into Peiri plates. Inoculation is comnducted by
applying an acid suspension of 0.1 ml, pessessing a marbid-
ity equivalent to a standardized rorbidity level of 1.5 = 10%
CFUfml {corresponding o a mwrbidity of 0.5 McFarland).
We then allow the plates to incubate ar a temperamare of
317 °C for 24 h. Following and documenting growih, mac-
roscopic appearance, and colony color. To ensure the accu-
racy, of our findings we also monitor coleny viahility by
reseeding them for analysis

Statistical analysis and fermentation parameters
calculation

The fermenration experiments were conducted in miplicate,
and duplicate analyses were performed for each sample. The
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results are expressed as the mean+ 5D (standard deviation).
Statistical analysis of the experimental data was condacted
using the SPSS 130 software package. Calculation of fer-
mientation parameters invelves determining the kinetic cul-
ture parameters, The specific microbial growth rate (u) can
be calbculated through the utilization of the semi-logarithimic
miethod to plot Lo (X%0) against time as for the time of
generation it's expressed as G=Lnd/ pmax.

Results

Phytechemical analysis

I the resulis section, we present findings from non-destroe-
tive analysis using Near-Infrared Spectroscopy (MEIRS),
where meticulows calibration standards were prepared for
mairitional components Table 1.

Fermentation

Fermenting beetroot juice with Lactobacillus plantanm has
been instramental in facilitaring the growth of varons lactc
acid bacteria, The confirmed presence and diversity of lactic
acid bacteria, inchiding T actobacillus plantamm_ in bestroot
juice indicate its potential for producing probiotic beetroot
juice as a non-dairy product. This experiment involved the
fermentation of bectroot juice alone and in different for-
malations by 3 lactic acid bacteria narnely L. plamnarum,
L fermennm, E. durans. The initial inoculum of all lactic
acid bacteria in fermented juices was calibrated to 107 log
CFLWmL Fig. 1, with optical density serving as an indica-
tor of bacterial growth and medium consumption. Multiple
contrasts were observed between the beetroot juice abone
and the remaining formulation juice. Note that the mediam:
Beetroot Juice with Fixed Additives -peptone, meat extract,
weast extract, and tweenS0 will be referred to as "“BIFA"
A a start, beetroot jubce alone exhibited less growth with
all three lactic sirains all along the fermentation peried, this

Table 1 Easult of phytochsmical azalysic of the besoot porvridar

Parameter bastroot pomdar
pH 35
Acdity trtrable m. eq 13.02
Total sugar &T

la plus atimdant Sucrore
water coment'] (M) g ET.6
Protein 1N
FATY% 1.33
celbulose{fiber) 1817
bamedity E45
Oyptical demsity L6
& Sgringer

can be related o the lack of nutritional properties of beet-
raat alone and that it's not 3 stand-alone media for lacdc
acid bacteria which are known to be exigent in their fro-
phic profiles. & moch higher growth was exhibited for the
thres bacteria when the Beetroot juice was auditioned with:
reat exiract, yeast extract, peptone, and mween 8, then we
noted higher grovih during the fermentation compared to
the beetroot alone fermentation. The lowest growth after
the beetroot juice-based medium was negligible. Motably,
the medium contzining beetroot auditoned with compa-
nents such as magnesnom sulfate, smmonnmm sulfate, and
di-potassium phosphate exhibited overall improved growth.
However, when compared to the MRS medium, bacterial
development was less pronounced. A noteworthy formu-
latiem that succeeded m this fmal was the combinaton of
BIFA -MS™ (Beeiroot juice Fined Additives - Manganese
Sulfate)., achieving comparable results to MBS and follow-
g a similar trajectory in bacterial growth. Employing a
cansortmn of symbiotic lacobacilli, incloding Lactobacil-
lus plantanmm proved suitable for obiaining fermented best
juice with elevated organoleptic charscteristics and adape-
ability properties (Machulin et al. 2022},

Moreover, The resulis of this study are similar o those
described by (Malik et al. 2009), They exhibited observ-
able growth in L. plantarom, with a progressive increase
in viahle cell count over time when utilizing bectroot juice
(Malik et al. 20019). The study by Wang et al. 2005 realized
a similar approach to ours, the method described in their
paper involves processing beet juice with Lactobacillus
plantarum to obtain fermented beet extract. Their resuls
highlight that beewoot contains the mandatory mamition
necessary to develop and prow thus expressing the produc-
tion of lactic acid and succeeding in fermenting the beetroot
redivn Wang, Na_, Xiong, Guoxi, 53§, Hui, Wang, Ping.
Wang 200 5).

Kinetic parameter of fermentation

Conventiomally and since the foundation of Man de Rogosa
Sharp known as MRS medium, it is the reference for culti-
vating and propagating lactic acid bacteria. However, it has
become neaded to versatile the medium on which we can
propagate these beneficial bacteria o further study and wti-
lize them. In this valorization path of our investigation, we
verified and crafied a semi-natural mediom from beetroot
pulp and the minimum nwrition requirement needed for lac-
tic acid bacteria which are very exigent in their wophic pro-
file. The caleulation of: the specific speed of Growth pmas
(" and te generation time of each mediom was performed
utilizing data collected from the fermentation. Although we
can wotice that several formulations from the BIFA exhibit
a higher specific Speed of growth it's important o mention
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Fig. 1 Fermemtation on different
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that the speed of growih has to be coupled with the tme of
Eeneration 1o be interpreted properly and comparsd to the
reference meadia Table 2.

Color-metrics

The color of a juice can be determined precizely by itz Yel-
low*, Red*, and Green® color also referred 1o as Chloso-
phyll* values, which respectively represent Yellow, Red!
Gireen proportion (refer to Fig. 2). It i interesting 1o note
that beetroot juice has the highest red value at the stant of the
fermentation (with an B* valwe of |.8-2.0), while beetroot

juice's Yellow walue at the stari is null. As for the Green
walne at the start, it is negligible and approximately betmeen
001 and 003, When beetroot juice is fermented with the
lactic bacterial strain, the resulting data from the juice dis-
play significant changes in the color analysis where the Yel-
low® wvalwe has significantly imcreased achieving a value
between 25 and 30, and the Green®walue {chlosophylly
elevated to around 037040, The noteworthy change is the
disappearance of the Red*® value which is due to the pres-
ence of betalain pigment typical to bestroot where it was
reduced to under 0, This change in the color indexes of the
beetoot formoulaton is probable due to the digestion of

168



Published papers

arz Page 6 aof 12 ‘World lowmnal of Microbiology and Biotechnology [2025) 41372
Table 2 Results of kinetics fermentation of dfferent BIFA with the lactic acid bacteria
Fermentations media umax ['h=|l Temps de génération G (h)
L. E. L. fermentum L. plantanm E. durans L. fermentum
planarun durams
MRS (reference) 0,038 00276 0242 50.22 2511 IR.64
Beetroot alone 0030 0091 gl N 07.61 1575
HIFA! 0035 0060 0.0 1980 11.55 17.37
BIFA= SM s 0073 [iNiE3 4621 .49 1925
BIFAMG 0004 011z 03] 49.51 619 1236
BIFA «AS 0032 0077 2 2166 G060 14,14
BIFA F0r L] .10 e 6231 636 T
BIFA <CA 043 0.0l 2 1612 B.36 3150
BIFA PP 0.032 0031 S 2166 2236 .72

! Beetroot Juice Fixed Addsives, S0 sulfate manganess. Wi sulfabe
P phosphate dipotassimm

Fig. 2 (sraphic represemation
of the colerimetzic msalis for
medivm BIFA =MS for L. plasa-
Faum, L fermeninm. and £, duroes

the muimtonal component present in the media due to the
increass in the Lactic acid formatien snd the reduction of pH
valwe. According to the literature, pigments such as carot-
encids and betalains are mentoned 1o be sensitive o low
pH valuwes. However, betalains show higher stability at low
pH cormpared to carotenoids (Jackson 2020; Marszalek et al.
2021; Sajjad et al. 2020) This could be due to the hydrolyza-
tion process where glucose is obmined from betanin which
i5 a glycoside, and glucose and betanidin are created and
since these LAR strains can use this glucose and betanidin
ag a sugar source {Marzo et al. 202 ).

Comparative fermentation in BJFA-M5 and MRS
The resulis presented herein offer a comparative analysis

of fermentation owtcomes between BIFA-{Boetroot Juice
Fixed Additive - Mangamese Sulfate) and MRS mediums

2 Springer
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Magnesium, A% acetate sodmp. 50 zinc owide, Cd citrate ammonium,

af Heriron® adibid with sellare Mangs e

. —
— W e~
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for three distinct lactic acid bacteria sirains. Through an
cxamination of key paramecters to elocidate the efficacy
of BIFA-MS as a potential substituie for the conventional
MRS medium. These findings provide valuable insights
inte the suitability of BIFA-MS in fostering lactic acid
bacteria fermenmation and its implications for indwstrial
applications.

Results are presented as the Optical density. In the case
of L plansarum, the BIFA-MS medivm exhibited a slighily
higher maximal growth specific speed {pmax) of 0.015 h-1
compared to 0.014 h-1 in the MRS mediom. Additionsally,
the gencration time () was shorter in BIFA-MS (462 h)
compared o MRS (4935 h), indicating faster bacterial
growth. Howewver, there was a notable difference in acid pro-
duction speed ((ac) and productivity. While the (Ckac was
higher in BIFA-MS. (1.7 gfz h) than in MES {1.03 gfg k), the
productivity was lower (175 gf/L.h in BIFA-MS compared
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to 2] g/l b in MRES). Despite this, BIFA-MS demonstrates
comparable or slightly enhanced performance in support-
ing L. plawiarnm fermentation, suggesting its potential as
a substitute for MRS medivm, especially considering its
sirmilar growth paramcters and enhanced acid production.
As For E. durans, the contrast between BIFA-MS and MRS
medioms reveals siriking differences in bacterial growth
parameters. BIFA-MS exhibited a substantially higher max-
imal growth specific speed (umax) of 0,074 h-1 compared
to 0028 h-1 in the MRS medivm. Moreover, the genera-
tion time () was significantly shorter in BIFA-MS (9.37 h)
comparsd to MRS {24.57 h), indicating much faster bacte-
rial growith. Additiomally, acid production speed (Qac) and
productivity were markedly higher in BIFA-MS {382 gfoh
and 187 of/L.h, respectively) compared 1o MRS (2.5 g/oh
and 253 gfL_h, respectively). These resulis underscore the
superior performance of BIFA-MS in supporting E. durans

Fig.3 The growth kinetics "
of welected Larsobaciius.,

nansely. Lactobaciius plante- "

Faeit [B) Erteracoccas dinrans. 1w
(BLlacobacilies fermemum i)

cultivated in the liquid fermenta- .
tinm BIFAMS medium or de 5 &
Mian, Rogosa, and Sharpe (MES)

brodh. comparativaly a

o 2 4 &

W1z e e Te 20 XX 24 28 B M A2

fermentation, sugpesting its potential as a more effective
substinue for MRS mediom.

Lastly, In the case of L. fermenmm, BIFA-MS also dis-
plaved notshle advantages over the MBS mediom in several
growth parameters. BIFA-MS exhibited a higher msximal
growth specific speed (pmax) of 0005 h-1 compared o
0.034 k-1 in the MRS mediom. Additionally, the generation
timie (i) was considerably shorter in BJFA-MS (13.9 h) com-
pared to MRS (2039 h), indicating faster bacterial growth.
Furthermore, acid production speed (Qac) and productivity
were notably higher in BIFA-MS (405 g'chand 1.8 g/l h,
respectively) compared to MRS (185 gfeh and 2.1 gfLh,
respectively). These findings sugoest that BIFA-MS outper-
forms MRS medium in supporting L. frmeniion femmenta-
tion, highlighting its potential a5 a more efficient altemative
(Fig- 3 and Tahble 3).
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Tabde 3 Cirowih parameiers of selected lactic strain cultivated in MBS and the BIFAMS medinm
Faramcicer' pmax l'h=|:| G ki Crac [E"E-h] Productivity l_a.l'l_hl
MRE? BIFA-MS MRS BIFA-MS MRS BIFA-MS MRS BIFA-MS
L. plantansm o4 s 49.5 4.2 .03 1.7 zl 1.75
E. durans 02 074 24.57 9.37 L5 182 253 1.87
L. fermentum 034 .05 2059 139 I.R5 405 21 1.8

I: A palysed paramseters: pmax (h™ f—maximum growth rate; G | hj=—generation time; Qac (gfg h) =—Specific acid production rate in grams of
acid formed per gram; Productivity (gfl.h)}=—the guantity of acid formed (g/L) per bowr (h 2= MRS is the abbreviation of de Man, Rogosa, and

Sharpe broth. % BIFA-MS stands for the Beetroot Jusce Fixed AdditivessManganese Sulfate

Agar plate growth

The metritional requirernenits of lactic acid hacteria (LAB) are
Infricate, encompassing 3 spectum of compounds swch as
carbobrydrates, amine acids, peptides, fatty acid esters, salts,
nucleic acid derivatives, and vitamins (Hébert et al. 2009,
Maotably, the scquisition of nutrients, particularly amino acids,
poses a significant challenge for LAR. To address this, chemi-
cally defined media have boen devised o meet thedr specific
nutritional peeds. In the sirmilar case of the study perforrmed
by (Osza et all 2000) where they underwent an Evalustion
of cane molasses &5 a substrate for Lactobacillns plantamum
growth, The findings of the snady indicate thar employing
cane molasses as 3 substrate for the prowth of Lacrohaen-
Trr could presemt a cost-effective alternative to sourcing
straing from abroad. This approach has the potential to lower
expenses for consumers and offer advantages to the Colom-
bian industry (Ossa et al. 20000, Furthermsone, our experimen-
tal framework expanded o integrate specific chermical agents,
inchiding mapmeshon sulfate, manganese sulfare, sodinm
aCefate, ammnonnmn Citrats, di-potassimn phosphate, and
zine oxide, into the beetroot and additive mix. This compiee-
hensive approach aimed to unravel the complex interactions
among these components, shedding light on the feasibility of
beetroot-derived medivm to support the growth of LAB. Such
findings carry implications for potentially replacing conven-
thofeal MRS mediem with beetroot-derived alternatives.
Additionally, among the various formulations tested, owr
study pdentified that the medium consisting of beetroot, addi-
ves mix, and manganese sulfate demonstrated superior per-
formance for all three lactic acid bacteria sirains examined.
This formulation was subsequently selected for agar plate
testing . Encouragingly, the results from the agar plate testing
revealad promising cutcomsas when compared to the conven-
tiomal MES mediom. Motably, the beetroot-based medium
exhibited comparable macroscopic characteristics and, on
average, yielded similar cell counTs to those obsarved with
the MES medium. These findings underscore the potential
of beetroot-derived altermatives in achieving outcormes akin
to established media forovulations, such as MRS medism,
thereby offering avenues for cost-effective and sustainahle
solutions in lactic acid bacteria cultivation (Fig. 4).

'g Sprinper

Discussion

Regarding owr findings, the first pan was about phytochemi-
cal analysis which will be the stepping step to forecast the
suitability of the medinm to host lactic acid bacteria growth
and proliferating. The pH wvalue was 5.3, consistent with
studies by Jafar et al. 2009 where pH values vwere reported
Betwieen 5.4 and 6.5, It is notewonthy that pH measurement
serves as an indicator of titratable acids mothe product, influ-
enced by both the inherent acids in the raw material amd
those generated during fermentation {Rakin et al. 2004; Xu
et al. 2020 Titeatable acidity serves as a dependable indi-
cator of organic acid impact in foods, Our observation of
a 13% titratable acidity in beet juice suggests a significant
presence of organic acids. This finding aligns with priog
studies by {Chen et al. 2007), (Lee et al. 200 9), and { Johnson
et al. 2022} indicating a Corvmon titratable acidity range of
10t 13 mEqg in similar juice. The otal sugar content in
the beet-based medium, measwred at 67 /L., falls within the
optimal sugar concemration range (5070 oL) known to
support lactic acid bacteria grovwth and Iactic acid produc-
tioa. Ohir analysis confinms a suffickent sugar comncemration
of 67 gfL, consistent with findings by Bujna et al. 2017 and
Venegas al. (2009), reporting sugar concentrations anouwmd
60 to 70 g/l {Bujna et al. 2001 7; Venegas-Ortega et al. 20019).
In contrast with the findings of Kazimierczak et al. 2004,
reseanch on dry matter content in beetroot juices our find-
g highlighted a notably lower valoe. Moseover, the extract
and density values presented in our stwdy excesd those in
our previous investigation (Janiszewska-Turak et al, 2022),
likely attributable o variations in vegetable maturity amnd
experineental timing. The investigation inte fermenting
Bewtroot juice with lactic acid bacteria (LAB) represents a
significant stride toward exploring alternative mediums for
LAR growth and fermentation. The fermentation outcomes
have shed light on the pivotal role of medivm composition
in shaping LAB growth dynamics. While beetroot juice
alone exhibited limyited grow-th, formwlations enriched with
additives demonstrated enhanced bacterial proliferation,
emiphasizing the significance of nutritional supplementation.
Particularly noteworthy was the formulation featuring man-
ganese sulfate (BIFA-MS), which emerged as a promising
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Culture aspect of Lactobacillus plantarum in both (a) MRS medium and
(b) BIFA-MS

Culture aspect of Enterococcus durans in both (a) MRS medium and (b)
BJFA-MS

Culture aspect of lactobacillus fermentum in both (a) MRS medium and
(b) BIFA-MS

Fig.4 Agar plating method for the medium BJFA-MS
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contender 0 MRS mediom, displaving comparable bacte-
rial growth and macroscopic characteristics. This empha-
sizes the promise of semi-namral medivms derived from
beetroot as cost-effective altematives for LAB cultivation.

Furither examination of kinetic parameters elucidated
the performance of various mediums in supporting LAB
growth. Although certain formulations showcased higher
specific growih rates, a Focus on generation time high-
lighted the comparable efficacy of BIFA-MS, especially for
siraing like L. fermennmn and E. durans. This underscores
the poteniial of BIJFA-MS as a viable aliernative to tradi-
tional MES medium, with profound implications for Large-
scale LAB culiivation. In comparing the growth kinetics
of Lactebaciiluz plansarym across varouns medis formmla-
tions o the reference MRS mediurm, distinet rends emerge.
Whilz beetroot alone yielded a notably slower growth rate
with 3 higher maximimn generabon fme, SUZEESNNE polen-
tial nutrient deficiencies, BIFA-PP and BIFA-MG showed
comparable or slightly improved growth rates. Motably,
BIFA-MS exhibited faster growth kinetics, indicating a
mofe conducive environment for hacterial proliferation.
These resulis are contrasiable to the finding of Yowok,
Budi et al. (Yoyok, Budi, et al., 2010) where the maxinmm
growth rate was found to be 0.17 h-1 which is higher than
our finding (Yovok, Budi et al. 2000). this contrast can be
explained as the condifions of cultire may vary and the gen-
era uiilized have more performance regarding the enzymatic
arsenal however it's a positive result since our findings are
both in the positive spectrum.

Orwing o the second case, about the kinetics of Enfang-
cocens dirans across different media formulations to the
reference MRS medivm, notable differences emerge. Beet-
root alone demonstrated a markedly shorter maximum gen-
eration fime of 0091 compared to MRESs 50.22, suggesiing
faster growth. Similarly, across BIFA-MS, BIFA-MG,
BIFA-Z0), and BIFA-PP formulations, Enterococeus durans
displayed significantly shorer maximum generaion times
(0L073, 0102, 0 009, and 0.031, respectively) compared fo
MRS, These findings collectively underscose the potential
of beewroot-bazed media in promoring faster growth rates
for Enterococcus durans, indicating their viability as alter-
natives to conventional MRS mediom. Such outeomes hing
at the possibility of hamessing beetroot-derived formula-
tions o optimize microbial growth conditions, offering
sustainable and efficient avenues for microbial cultivation.
Finally, in the case of Lacrobaciliis fermennm prowmth
kinetics across various media formulations against the MRS
reference, notable differences emerge. Beetroot alone dem-
onsirated & substaniially reduced maximum gensration dme
(15.75 h), suggesting its potendial as a growth-enbancing
mediam. Conversely, the BIFA-Z0 madium exhibited a sig-
nificanily prolonged maximum generation ime {77.001 k),

2 Sprimper

indicating potential growth inhibition with zine oxide inelu-
sion. While BIFA-5M and BIFA-MG showed comparable
generation times o MRS, the BIFA-PP medium displayed
a slightly shortencd generation time (27.72 h), hinting
at potassium phosphate’s mild growth-promoting effect.
These varatons underscore the sensitivity of Laciobacl-
lus fermentum o medivm composition, emphasizing the
need for nuanced formulation strategies o optimize growth
conditions.

The Color-metrics analysis provided additional clarity
regarding the transformative effects of LAB fermentation on
beztroot juice. Substantial changes in color indexes, includ-
ing an imerease in the Yellow® value and a reduction in the
Red* valwe, underscored the metabolic activity of LAB and
its influence on pigment composition. These alterations,
armibuted to Lactic acid formation and pH reduction hizh-
light the potential of LA B-mediated fermentation in enhanc-
ing the nuirinienal and sensory propertes of beemoot-hased
products. The agar plating resulis serve as a conclusive vali-
dation of BJFA-MS as a conducive growth medium for LAR
showcasing comparable performance to MRS medium. This
not only reaffirms the feasibility of beetroot-derived alicma-
tives but alse underscores their potential 1o offer cost-effec-
tive and sustainable selutions for LAB cultivation. Cwverall,
the study opens new avenwes for exploration in LAB cul-
tvation and undersceres the potental of beetroot-derived
mediums in revolutionizing the field.

Conclusions

In the culmination of our study, delving o the fermenta-
tion of beetroot juice with lactic acid bacteria (LAB) unveils
a promising frontier in aliernative mediums for LAB growih
and fermentation. Ouwr findings from MEIRS reveal a pH
value of 5.3, resonating with prior research and affirming
the presance of essenfial gmarabls acids crucial for fermen-
tafion. Motably, the substantial titratable acidity of 13% in
beet juice underscores its richness in organic acids, pivotal
for fostering LAB proliferation. Moreover, the optimal
sugar comcenmation within the beet-based medivm accenm-
ates its suitability as a favorable subsirate for LAB growth,
echoing its potential as a viable altemative to conventional
mediums like MRS, The fermentation owtcomes shed light
on the pivotal role of medium composition in shaping LAB
growth dynamics, with forrmlations enriched with addi-
tives displaying enhanced bacterial proliferation. The for-
mulation featuring sulfate manganese (BIFA-SM) emenges
a5 a standout contender o MBS medium, showcasing
comparaile bacterial prowih and macroscopic charactenis-
tics. Further examination of kinetic parameters elucidates
the performance of various mediums in supporting LAB
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growth, with certain formulations exhibiting higher specific
gronwth rates and shorter peneration times, particularly note-
wiprthy for sirains like L. fermentum and E. durans. These
results underscore the potential of semi-natural medinms
derived from beetroot as cost-effective alternatives for LAB
cultivation. Additional insights from color-metrics analysis
highlight the ransformative effects of LAB fermentation on
beetroot juice, enhancing its nutritional and sensory proper-
ties. Conclusively, the agar plating resulis affirm BIFA-MS
as a conducive growth medivm for LAB, offering sustain-
ahle solutions and opening nev avenuss for exploTation n
microbial cultivation practices. Chur study paves the way for
further research endeavors aimed at optimizing sustainable
microbial cultivation methods, thereby advancing food pro-
duction and bolstering environmental stewardship.
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subsegaantly messsed Fesalt demonsrated ther SBE promoted the mes effictant gromth for L.
plontaram, with 2 mascerem specific gromth rat (pmax) of (.248 ™ and a gemaration time of
1.7 b In comparicon, BI-TED exkitded a lomse umax of 0.08] b™ azd an exended gencration
tma of 11 b while the MBS medizm achioved a pooe of 0,174 . Acid action anahysis

S X . . . )
Lolis—Lummus  Mikulion  Liccwe, which  rygy153 that SHB vislded a specific acid production s (Qac) of 161 gigfh and a producevity
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tepararae (aroend 25°C) in a well-remdilated arsa This nammal

ﬂ.nh—dnn:m:pmxm imohwe moivmme remeral throagh air circulation
27 anshizm? temeperanmas. mithow the use of artificial heat After drying.
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the matemals vere groomd into 2 fine powdar wiing a mechanical
grizsder. They wars then stored m afrtghe contamars mn a coal. dryplacs
10 pressre thair stablity.

Eaererial Sreains and Cuaftoee Condines

Tha thres LAB strains used in this sudy were selecwd fom a pood of
41 swains isolawed from EBle. a waditions] chesss from southrres:
Alparie. Thass smams were idsntfied throngh 165 [FNA sequencng
by LiGC Gummu:: I:En.'lm. Gmm'r‘] ‘nih sequemce amalvi
partormed NCBI database
['_'I._-..nﬂrﬁ'rrn.:mn]m.nih.mm'fﬁl This identrfication was part of
u study ofed "Semsory. microbelogical and physico-cheemical
chamactarization of Elila. a radtonal cheote mads m the soathmrest of
Alparia” by * The used smains mchuded Lacnmbuacilion phanarom (from
sheep's milk chessq). Laoctobwcilis frewnoan (from cow's milk
chessa). and Emperococcs durans (Tom goar's milk chesss). Thay mears
culsared at 30°C for 24 hours in MES broch.

Plevrochemiog Analysc

Phymchamical analyses mars conductsd oo 100 g sansples of drisd and
frmaly ground bestoot and sofean porrdars using semdard chemical
asaarys, MNuiotiona] compozems, nchuding total sugass. protein, e,
fat. fber comient. and hemmidity, weee quantified folleing stmdand
protecols.  Calibmtien  standards were poopared for  acoumate
meamrament ez chemiral mageen wers handled accomdizg to
rmhdmmdmﬂ’Tmu'hlnlﬂﬂnTanﬂmﬂlupcmmm
and sonybaam uices wers detarmrined nsing a pH mwter (Mods] Mermokm
pE- -Maar 631 AG CH-9101 Harkom -Swiv mada). Tiatable acidiny
"ummndhfrn"mnruham:dmi:ndﬂi\\ﬂl{m}mmuf
95 purity w0 a fzal p of 5.2, acordmg wo I30 730:199E. Toml vagar
ronen: was quaniifisd neing the phemel-sulfimic acid method: 2 phemal
solntion was prepared af a e (i) concenration (3 g of phanol par
100 pel. of e writh 2 poriny of 89%.. inrolving a reaction with phemal
and snlforc aced. follomed by specirophotomatnic measuremsem (Model
SPECORD® 50 PLUS BU-TIF from Amalyik Jea company -
Garmany) at 490 mm. Beth mwethods followsd the protocols of **
regarding the phemol-valfuric acid mathed and IS0 12346:2012 for
ticwahle acdity. All mesnmamens vurs performed @ mipkicate.

Hiple-Perormunve Liguid Clromoamgrapdy movsis
Tha sonvhoan and besmoot medvm commnit warg deemed wming
HPLC amalysi, with idenified accordimg to Flula and
Sl.pnu..{lﬂ:thﬂnﬂ.l with a pity of $9.5%, nsing Shimo=g
754 Mamefactring Inc. USA) consicting of to LC-20AD
meaC‘HM 204 commollar. 2 SIL-20AC colmm oren, and an SPT-
204V TS specrometar. Acomaiely weighed amoats of sofbean
mihmnmw“humﬁn:“mﬂ.amdmplmm.mbe&ﬁm]
ml of medano]l contiming 1% ascorbdc acid vas added The
rompenzzes T mrixed wll using & vortex device, and then incstamd
m an ultraeic bath for 20 mim at 20°C. After moubation, the samplec
ars canirifaged at 3920 = g Froms sach et tobe, 1 ml. of dw exmact
was indrddoally collected and mecemtifoged ar 21379 = g
Subsegeemly, i pl of cach extroct wis transferred into HFLC visls
for anabysis, The concexration axd retention dme of sach

mare sepressed in ppm. folloing the protocal descrited by '®

Vegisalforminlated waadia Fov
A systamatic saniss of axperments vas condnced o sahess the
poential of soybaan and beemoot media mixturss for lactic acid bactsna
(LAB] cultivation. Inidally. the mdridml effecs of sach componsot
ars assassed using stamdard prowools for media foomulation and LA
rultradon as described by '° azd . Subsequenily. selacted addites.
inchoding moat exiTact. yeast aximact and chomical ageots such x
codim acotats and ammomitm T, &t COnCeNTAGOTE ranging from
1gf io .1 M, ars innocporated oo the media to eabmie their
infloanca oo LAB gowth and mesholic actvity®  Nest. mu
imwstigamd the possible combdmtoms of the ™o plat souces
(soybean and bescwoet). both individnally and in combization, it
upplesematio, to compars thei et wits fow of te smndlons

ISSIV¥ 2616-0684 (Pring)
IS5N 2616-0692 (Electromic)

media. Thik approach zimed to assess potmtia] complememary
inmrartioes batvreem the o plame sowras. comsidarmg their dictinet
mmirient profiles amd fmcberal atinbees. & pblighted by previoes
siudiss om plant-based media for mirrobial caltrranon

Firmvmiation bimerics and avalisis
A comparative study was condacted by famenting salected lactic acid
bacterial smains in MBS medium and formmlated media darred from
various tesied plant comrces. The fomerdtion axpermens e
e smictly controlled conditions. nrndmg spperrmme
(37°C). a=d agiterion 150 tpe=). ** Floy parammerters. such s achty, pH
2=d cqrical deesdty (OIN)L. mere monitersd $hroughos: the farmantation
proces. The frmeotation kinatics wera analvzed by assessing
]:merhummspﬂcrﬁ:gmﬂhw{pmn;
gesmation time (G) acd prodecton mate (Qac) and predocohany
(w/LsL). which represents the amoms of acid produced per bowr. i*
Samples wem collected at ragnlar m-ﬂ:ﬁm:nm;mhmmmah*m
inchiding pH msasuremsents. opical dezstry. and ackd comcentration
detarminatice. "' Thews methods wece adaped fom esbliched
protocols for LAR femeeatom As well meanmements e
perirmed in triplicars, snsuring consistsncy and reprodacibiliny of the
Tasulne

Tisring Cirounh o fpar Plaws

Agar plates ware prepaed nong frmemtator-derired meda
npplemanted with agar @ order to solidify the mediume For
inocalaticon. bacterial smaims wre adimied to 2 semdardeed optical
densizy (00 af 0.1 at 600 nm {approsimanely 10° CFLUmL, mﬂ'dmg
o standard practics for emnming consiseot bacterial concanmation. *
Followizng inpculation, s plies were odbated a 37°C for 24w 48
bows ndar secolic conditioms to evalmie growth  dymamics.
mecrovcopic appearance, and colomy chamactaristics. including siza,
shapa, and color. Inenbation s condnrted at 37°C with 2 meimaized
ralatira humidiny of #Pe. ** Colomy chamacteristics such as meephalogy
(a.x. rornd. sreooth. or rough). color (a.g mhise, ceansy). and e
are racorded bo asuess the gromih perfomemamce of the soraim acrosc

Sraristica Ammlysin and Fermentorion Paramirers Calculann

To assew the effoctransss of the foommilated meSom oo bactesial
momth, a2 detwiled anahytiral framsmork v imsplamemtad.
Farmanizion axpecimesis 7w performed i miphcate. Satidcal
azalyses e camisd oot to svalizss bey Semenbrion paramesers.
mﬂnﬂmﬂmﬁcmﬂnﬁtﬂlm:aml A ooe-vray Tasiance anabyis
(250N -'L:lnt smmloved o d.rncrunm.ﬁnm: diffareacis i I et
such an muxineuny speciSic grovth rate (max), mmecaton Gma. acid
prodaction mee (Qac) and productivity acress media, chameby
Trighlighting statistcally significant Taniations.

Besulis and Discussion

Fhtachiemicel aeahei
mdmcdmlmoimmmdtmﬂumﬂ.mm
distizct compositozal characteistion. s smmmerized = Figaw 1
Bestoot pomder had a slighdy acidic pH of 5.6 whanses soybsan
pomdar axkitted a pH of 6.2, comgisters writh Sedings by * and dightly
highar tham the typical §.3-7.0 rzgwe Teported by ** Total suger contant

was sohsmiial m both povders. at §7% for bestoot and T0.2% for
soyheam, aligming with the geesmally high carbolhydras comtent of
soybeams. though some smdies mdicats lowar sugar levals. ¥ "Water
r\mntmni’.ﬂ\. kbighar in bestroot pomdar {a- 1) compared o
sy heam pordar (3. 1t ). el mc timg heermoot's highar moistars reemion
capablity, = ko noed by Y and supposted by other stadiec
highlightimg covbear's comparativaly lower mmshms metpeten,
Protum coment was significantly grestar in sovbean porrder (41.67%)
thom beetroat powder (310, lltg;run.g with soybean’s knoram high
PIOTES CONDIHNOL * though some besmoot Tanstiss hane reposted
slighihy highar protein conmmes, S
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100 Comparaison between beetroot and Soybean Powder
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Fipmre 1: Chenvical anatysis of the sevbemn and bestroot powder

Similarty, faf comeot was substamsally highar in pordar
{]-I-SQ"-} comgared to beatrect powder {132%) consistent it
woybeazs’ lipid-rich profile. wharsas beszoot is recomized x haring
megligible fat contet. * Fiber comtant was motably greater i beatroot
porder (1832% cellalons) than sovbean povder (2%:) meflectmg
‘beemmoot’s higher dkry fitar contm comparsd o the typically lomar
Ghar lovals m sovbeams ™ Laily, meistare lovals ware higher in
besmoot povdar (E45%s) mlame m soybean pomder (1338%:)
consistent with besrom®s higher waler activity and soybean's hower
maishure retantion capacity (Figurs 1). =

T primery objective of @i soudy 7as 1o asses the viabiliy of lactic
awid bacteria  (LAB)  specBeally  Locwbecihs  mlannoreom,
Emerovocvss dorans 2d Locroboacilies Grmmiae. in beemoot-based
media and twir formwlacors x sustainable alwrmatives w0 te
orsatiomal MBS medmm Previous smdies axplorng simdlar
ojectives frequestly Eoru.ud.nnfmmnmcrmrﬁmm
food products like yogm: ™ or biscuin ™ in commast, oo research
smphaized optimizing plant-tased gromth medis. Prior irretigations
affems the abdlity of LAB to gow sacosscilly oo plast-Saried
substrates, wach 2 beemoot, with Laciococous lactis and Wiissalla
riara soams isolmed Som fomemced bestoot prodecs ¥ and
Lamobtacllus spectes demcsmaiing riability in passsurized beetroot
juics withret mumien copplemermton. % These findings support our
Ditnarations, confimring best firics as a saiahle wehstmss for basic LAB
cultraton, paricalarty for L. plasserss and £ fermsennm. Homaese,
a5 highlighted by ' teemoots slone might mot offer optizml gromd
rondiiors for LAB. ac demorvmaied by the modens gromth of
Loncaobacillis aeidaplilus and [ pl inb Juice aloza, Cur
fndings comobomate this, mdicating that soybean supplememiztion
Crar ssady & was dat a woybean-b ‘blexd (SEB) suppors
bacterial gromh companble to the MRS mednm. comtastizg »ih
previrs sndiss whare plar-tosed media inderperfemed mraditional
formmlations. ' Moably, grovd parmmeien such as pmex and
peneraion tme impreved wdpnmificamly in the SEB medem.
Tmdsrecormg ifs potessal 26 2 viahls altaraits o Man Rogosa Shapa.
Alhoagh L. plawscrss axhibited robvast growih in this formmlation,
ovarall m.d.p.'n:hcm m.d.pu'ndnrmm'rmnd.mhwmm
which « d LAB gowth " This
ﬂ:mq:\mntm.ﬂ.nmmhmnm for father optimization of the

soyhearr-boaroot mediume 1o sohence LAB proliferston and acid
produaction sffectively.

Foranemication

This sxperimen frobed the cultaton of tres lactic acid bactria,
nemily Locehecills  ploaroram,  Lecwodocilius  Srmemas.  and
Ennveoosoeus dunans, m sopbean and besmoot juice mdividmlly. as
all 2% I Terious synergsc formmlations. The mitial mocatm of 211
lactc acid bacteria in farmented jumices mas calibrated at 107 log
CFUfmL. with opdical dansity serving at an ndicator of bactrial growrth
and madium commmprion. (Finmes X 3. 4} Muldple commst wurne
obsered berresn soybean fuice and bestroot juics. wiather alone or
with the mived formmlxtion.

Bestoot juice aloms sxhibised the lomrest growrth among the dwes Iactc
acid soims throughout the femantation period. This many be aamdbated
1o ttx Exied zurmiticral valne and the high mtrificnal requiremems of
lactic acid bactaria, mhich are Imomn to e factidious in thair trophic
requiremems. Slightdy improed tacecial groesd was obseroed whan
bestroot Jaice At wapploseabad with meat axiract and yeat exiract.
Thass menaks are smesler io dhows dascribed by ™ They axhbiaed
obssrrables gromthin L plesaess, Tidh 2 pro@mesne crsase o e
mumber of 1table cells over time when besmoot juics mas wmed an the
farmentxtion subsiara. This is forther supporied by #who mccessfnlky
farmented bestoot-based media uwsing lacic acid  hactma.
demozszating thar adequate muiriticnal 1.'.pphm.|m|:.mmn.llﬁw
the mrimimal grewrth requi of thate mmicr

Kimeric Findiegs

Althomgh MES medizm reeains the gold stamdard for LA cultraten,
incressimg fierest i suctrinable alermathes har dhwn the
devulopment of plant-based media. This smdy highlighs &
sffectienon of besmoot-based fomralations in promoing LAB growrth.
Natably. bestroot juice alms mwaked in de highss: maxmem spacific
growth rase {umax) for L. planimmum (0.222 &), surpassisg both MES
W.I!-d-h"r.lnd.m}bun'hlmduﬂu. Thlmhl‘hn]:'mdmﬂn

mpelnmg findings the: emphasize &
potezsal o\fp'lamwinmdmsdu.
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Figure 2: Log CFU ml-.1 pH and titratable acdity of Lacrobacills plantarum strains in different gromth media: (a) Viable LAB bactenia count; (b) pH: (c) Total timamable. Al
treaments wers camed out in iplicate,
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Table 1 smmerises kinerc pammeters, showing thar L plantorom
sxhibited the fastest genemanion tims in besoot jwice alons (3.122 b
wharees e soybean-tosmoot blond (SEE) formralation amerged a5 the
moct efficiant mediuns for E. durans (2037 :}.Im_ﬂl.yngdm
adrazrage of tarpeted mutricer supplemwmtation. ' Aldhough BI-TED
schibitad tlowar gromh, it nomatholess. supparted LAR prolifemasion.
indicating petextial for further pedimm cpimization.
Specific grovth parametars (ves Figure 7} alse confmed the supsdior
of the SEB foemulaticn. For L. planvarum, B8 shoreda
pmas of 1248 b and a geseration time of 2.7 bours, while BJ-T20
had lowar gremth and kighar geseration time (jimax of QU061 ' and

11 hovars. respactiuly). with MBS mediom imermedam batren thece
vabses (umen of 0.1%4 b* and generation time of 4.3 bours). For £
mazkndh: d BI-TH0 {pmax of 0.320 h™! and
!m.mtm tms of 21037 b} mhomeas MES
coanparatively (jimax of 0081 by Sielarly, for [ fomennm, SEB
qunem&dipmdmr'gw{mngmmmmaf
0,157 b} aned signidi g MES medium, which showed
'H:nlwmnﬁnmtpmnfﬂ.lﬂﬂh"h Thezse ragults align with ™
who demeesirated Sat Lacwbacilie ecidophiln sffsci=ly fomested
2 sovbean-based berwrage. achisving a viable cell count of 456 log
CFlie

Table 1: Gromth parameters of the selected lactic stnin cultivacsd in MBS md the medium

e (a'e) Fauduczvity (@LE)
Paramsner -

I_planparie E. durans L. fermierium L plartiarum £ diirans L feramwisim

MES' 1388 =06 4.055=0.6 1E52=0.6 Llg=08 13108 1100=08
BAl 030 =06 0.290=0.6 0320=0.6 Ql55=08 QLH5=08 0160=08

4! 03L6=06 0336 =06 0327=0.6 QE0=08 Qos=08 0.027=08
BF-Ta0* 0282 =06 0.336=0.6 0430 =06 aM3=08 sl =038 0081 =08
SHB 016l =06 0701 =06 0330 =06 Q=08 ame=08 028=08

': Man, Rogosa, and Shaspe; % Beeteosl shone; :':Sujb:ln aleme; ' SEE: Stands fe sybean-bociruct blod;
shown as mean * skaradsed devistson (50,

% Bt juice wilkoul Twesn Bl The Endings sz

Tima fh}

MRS BA

A BU-TED 588

M edium

Figure 5: Results of inetic farmentation of different bestroots with lactic acid bacteria. inciudmg MRS (Man, Rogosa and Sharpe), BA
{best alone). 5A (sovbean alons), SBB (sovbemn-bestroot mixnare) md BI-TES) (et juice without Treen 30).

Furhermore, ME? medium  consistently exiobited  superier
ackiping the Mgkact Qac (1522 pig-h for LM]
and predncaty (210 @l-b). confirmming i sctabliched afficiomcy in
LAR cultivation 8 Conremaly, beomeet alona (BA) and coyhean alons
{54) chored significarsly lowar Qac wakues (0310 and 8316 glgh
repectivaly) and reduced productivicn, hiphlgiong ther hmimd
capabiliy .nrq;pmh.l.jl.acl.d.
Incoducizg addicees mo BITE0 lightly mpeoved perfemanca
paticalarly for L plowsvwsr and E dwans, although chess

szhancements. soill &id not masch the perfemanco of MBS, This finding
aligns nith *who obeerved that addithves condd enhanca LAB growth
'Imt'\pc.ﬂh riald inferior resuls compered 1 trasditiomal madia. SEB
mediom damensrad bener omronsc, v for K. dhurans (Jac
of 0701 gig-h. prodncehaty of 0.029 gLk}, undscccoring the potantial
of plant-besed media vhem supplememed with appropriase mutrisats.

Specifically. for L pluntarnm, 3B yielded modecass Qe
of 0.16] fg-h preductivity of 0028 L-b), whils BI-TE0 showed
improed values (Qac of 0.262 gig-h, productiviny of 0043 g/L-b):
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:ﬁﬂump:ﬂwmdbah.?cl‘nﬁmmﬂ-m

Qac (0.536 g/s-h) b higher productvity

nmm;mmuhmm(q:mnswph

productivity of 2.531 pL-2). Licewise. for L. fivmenaum. SBB recarded

2 Qac 0£0.530 g/g-h and producsivity of 0.028 g/L-b. whereas BJ-TS0

dsmenstrated lowar Qac (0.430 gfz-k) bur 2igher productiniy (0.062
k). mith MES remaming supenor (Qac of 1531 gfz-2. producanty

fior Denzeac and.plh: xﬂ.qulcm.admﬂm xﬂw
stromg correlations (©° vakes rangng from 0.99962 o 0.99995).
mﬁmgmqlmﬁcmdhucm Figurs 7

indicating

and bezzoic acid mare presem: in lowse coxcsatations (5.912 ppm and
76313 ppoa. respectmaly). yet soll damonsrased strong correlations.
sugssstizg their izrolremsnt in medulating LAB metsbolism. Trans-
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cuomamic acid. detected & 7.207 ppm. aligns wuh ie recognized
infnauce om bactarsal gromth. “The HPLC analysis axphasizes distinct
roles of these bicect™s compoumds in LAB mwtbolic acuvities.
Bezzeic acid, thowgh inhibizory 21 slevated concanmranons. was prasems
2t LaB-tolecable lovsls. mambivng medmam stabiley withow
Degativaly impacting gromea * Gallic acid functions 35 2 protective
wmwmmmm.mum
azd promoting survival denizg metabolism. ** Simlarly, queccetiz aids
bacterial sarvival i oxidetns envirowments. indmrectly supperting
gromth. ** Transciznamic acid sizmalates adzpthe matabolic respozses
21 Jo concsatrasions. petsntially improring LAB metabolic fexebelity,
although carsful control of concemiraticn is mecessary 0 preTemt

can beneficially modulate LAB growth axd metabolic acarisy.

Agar plaw growik

Ths agar plate culture of the laceic acid bactana &splayed clearly
distmpachoble colomies, senly distributed and sasily emmmarable.
Consissnt colomy morphelogy 2=d umiform sizes indcate bacterial
punity a=d optimal growth conditions. The colomies wwre mostly white
or mlky white. 7tk a round shaps. neat sdges. and a modst. smooth
surface. (Tabls 2).

Table 2: Growth result of formilated meadium which showad lactic acid bacterial growth

Madum

BJ-T80°

'MRS: Maar, Roguea and Shaspe; “B)-T80: Beetroot pice audiicnal with Tween 30; 'SBH: Soybean boctoce blad.
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Figure 6: Compounds present in the SBB mediumy (a) retention tme: (b) quantities.
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Figure 7: The HPLC chromatograms of the soybean beetroot blend (SBB) medium : (1) Quercetin: (2) t-Cinnamec Acid: (3) Gallic
Acid: (4) Benzoic Acid.
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Alhoagh MBS modtm cesictenthy copports the best perfiomeamece
acress all LAB cirat. our findings damonctrase that our plant-hased
media, compoied of beemoot and soybean, ecpecmlly whem
ropplememed with appropriats addices, hrw the 2l o
substitute or vapplement coneedonal media likce MBS (Table ). '
* Further optmmztion of thess plant-based formmlaties could lead o
more sustamabls, coseffectivo, and sco-fisedy altratives for LAB
culshation in various hiotecknological applications. *~** Thace resdts

wmdaricore the clear advamtages of MBS medion for acid prodnction
and predactiviey. Homarse, the 5B medim was foemd o be the mus:

Erorable for bacterial growth follerad by BJ-T30. damoeirating tha
soybaan axiract could replace Trosen 80 vidle sill achancmg LAT
I’!‘D‘Tﬂl. This woggests that with farther optimization. | plant-hased
formmlations coald sere 25 covt9Serte and susminable altarmatives
o MES for LAB growth

Conchusion
Thos stndy saccessfnlly demonsined the feasiility of ming a soybean
mmﬂmmmmFmﬂhmxdhm
(LAB). The results highlighed the potantial of plant-based wemi-nazamal
media a5 costsffecthe altemamives 0 comventional MRS media for
mimaing Lecmbecdius  plovamm.  Eanvococeus disoss,  and
Lanseshaciilus formenne. The HPLC analyek idencified banoodc acd.
mlbic aid quercetin and manc-cinnamric acid i the beatroot and
mﬁumdﬁmﬂﬂﬁmmmﬂmbuﬁz
activity. Thess compomds exbonre oxidative sress medlimce.
‘maeabalic adaptatality 2 wull 2 mediom swbdlity at zppropriae
concaniretioes. Chor smdy mevwaled thas tha 3HE mediom wat
romparabile to it second formulation, comtaizing Trrean B0, axd could
mrovide the wme efect. Ommll. oor findings prorvids compallng
mamarical and practical evidanca that the derelopment axd optins=ation
of oo wovhean-beotroot-baned madium offers 3 susoinabls and
sfficiam alammatte for LAR culitration. Whils thesa zovel media hero
damonsirated thetr abdlity to suppor: bacsrial groveh and lactic acid
ion, fome wtigetions should determing their suitabiling
sbar a proliferstion mediz or & media dedicated to matabolite
production.
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1-Spectrophotometer Model : SPECORD® 50 PLUS
Manufacturer : Analytik Jena
Country : Germany

2-pH meter
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Model: Metrohm 632

ID-number: 011650
Country: Switzland
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3-Incubateur
Model: IPP110eco

Manufacturer: Memmert

Country: Germany
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4- Anaerobic jar
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